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FOREWORD 
The i n s u l a t i o n  development work descr ibed  h e r e i n ,  which w a s  conducted 
by t h e  So l id  Rocket Divis ion of Aerojet-General Corporation, w a s  performed 
under NASA Contract  NAS3-11224. The work w a s  accomplished under t h e  manage- 
ment of t h e  NASA P r o j e c t  Manager, M r .  J. 3. Pelouch, Jr., Chemical Propuls ion 
Div is ion ,  NASA-Lewis Research Center. 
Spec ia l  acknowledgements f o r  work accomplished i n  Task I are accorded 
t o  Messrs. A. A. Stenerson and W. Bradley, Material Technology Department, f o r  
material proper ty  ana lyses ,  and t o  Messrs. C. J. Rogers, P. L. Smith, and 
R. F. Russ, P rope l l an t  Development Department, f o r  material processing 
analyses .  
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A program t o  develop a cost-optimized i n s u l a t i o n  system f o r  l a r g e  s o l i d  
rocke t  motors w a s  conducted by Aerojet-General Corporation under Contract  
NAS3-11224. Four tasks w e r e  der ived t o  accomplish t h e  program ob jec t ive :  
Task I, Survey and Screening; Task 11, Process  Demonstration; Task 111, Material 
Performance Determination; and Task I V Y  P repa ra t ion  of  260-in.-dia f u l l - l e n g t h  
motor i n s u l a t i o n  system Design and Process  Plan.  Task I, which has  been com- 
p l e t e d  and is  t h e  s u b j e c t  of t h i s  r e p o r t ,  w a s  accomplished i n  t h r e e  phases,  
I n i t i a l l y ,  a l i t e r a t u r e  survey  revea led  t h i r t y  firms o r  fac i l i t i es  engaged i n  
r e sea rch ,  development, and product ion of i n s u l a t i o n  materials which were appl i -  
cab le  t o  l a r g e  rocke t  motors. 
p o t e n t i a l  s u p p l i e r s ,  twenty materials, inc lud ing  f o u r  pressure-cured, s i x  
t rowelable ,  f i v e  c a s t a b l e ,  and f i v e  sprayable ,  were s e l e c t e d  f o r  eva lua t ion  
i n  Task I. I n  Phase I of Task I, t h e  s e l e c t e d  twenty materials w e r e  subjec ted  
t o  a series of proper ty  measurements; t hese  measurements included composite 
t e n s i l e  strength/modulus,  dens i ty ,  ambient p o t  l i f e ,  v i s c o s i t y  build-up, bond 
l i n e  t e n s i l e / s h e a r ,  water absorp t ion ,  thermal d i f f u s i v i t y ,  thermal conduct iv i ty ,  
h e a t  capac i ty ,  h e a t  of combustion, and thermogravimetric a n a l y s i s ,  The objec- 
t ive of t h i s  Task I phase w a s  t o  e s t a b l i s h  which of t h e  candida te  materials 
e x h i b i t  p r o p e r t i e s  most a p p l i c a b l e  t o  l a r g e  so l id- rocket  motors. Three 20-in.- 
d i a  heavyweight motor tests were conducted i n  Phase I1 t o  determine t h e  r e l a t i v e  
e ros ion  r e s i s t a n c e  of t he  candida te  materials. The motors operated a t  640 p s i a  
over a web burning du ra t ion  of 17.6 sec. A malfunct ion,  caused by improper 
p rope l l an t  c a r t r i d g e  i n s t a l l a t i o n ,  occurred i n  the  t h i r d  motor and n e c e s s i t a t e d  
a fou r th  motor test. S ix  candida te  material specimens, p l u s  V-44 and Y-61 
c o n t r o l  specimens, were eva lua ted  i n  each motor. I n i t i a l  Mach numbers and 
mater ia f  th ickness  l o s s e s  w e r e  ob ta ined  f r o m  pre- and p o s t t e s t  p r o f i l e  measure- 
ments. P l o t s  of material th ickness  l o s s  rates as a func t ion  of Mach numbers 
provided a comparison of t h e  e ros ion  r e s i s t a n c e  of each material re la t ive t o  
the  e ros ion  performance of t he  V-44 con t ro l .  
from Phases I and I1 y ie lded  a recommendation of t e n  materials, p lus  t h e  
s p e c i f i e d  V-44 con t ro l ,  f o r  f u r t h e r  eva lua t ion  i n  Tasks I1 and I11 of t h e  
program. Approval of the  material recommendations by t h e  NASA-LeRC P r o j e c t  
Manager concluded t h e  Task I e f f o r t  . 
O f  t h e  f o r t y - s i x  materials recommended by 
A t radeoff  r a t i n g  us ing  d a t a  
NASA r e p o r t  numbers and corresponding volume numbers are as fol lows:  
CR- 7 25 81 Volume I 
CR- 72 5 82 
CR- 7 2 5 83 
CR- 7 2 5 84 
Volume I1 
Volume I11 
Volume I V  
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I. SUMMARY 
The o b j e c t i v e  of t h e  Large Motor I n s u l a t i o n  System Development (LMISD) 
Program i s  t o  evaluate low-cost i n s u l a t i o n  materials which are a p p l i c a b l e  t o  
l a r g e  so l id -p rope l l an t  rocke t  motors. Four t a s k s  w e r e  der ived  t o  accomplish 
t h e  planned ob jec t ive .  Task I, which i s  completed and t h e  s u b j e c t  of t h i s  
r e p o r t ,  involved a survey Qf a v a i l a b l e  materials a p p l i c a b l e  t o  l a r g e  motors; 
s e l e c t i o n  of twenty candida te  materials, inc luding  Gen-Gard V-44 and V-61 as 
con t ro l s ;  measurement of candida te  material phys ica l ,  chemical, mechanical,  . 
thermal,  and adhesive p r o p e r t i e s ;  eva lua t ion  of material e ros ion  r e s i s t a n c e  i n ’  
t h r e e  so l id -p rope l l an t  motor tests; eva lua t ion  of  proper ty  measurement and 
motor test da ta ;  and s e l e c t i o n  of  twelve materials, inc luding  V-44 and V-61 
c o n t r o l s ,  f o r  f u r t h e r  eva lua t ion  i n  Tasks 11 and 111. Task I1 w i l l  be  a 
process  demonstration, i n  which candidate  materials s e l e c t e d  i n  Task I are 
i n s t a l l e d  i n t o  a 54-in.-dia motor chamber. Task I11 w i l l  inc lude  material 
performance de termina t ions  i n  f ive  so l id-propel lan t  motor tests. 
be  t h e  p repa ra t ion  of a 260-in.-dia f u l l  l eng th  motor cost-optimized i n s u l a t i o n  
system design and process  p lan ,  us ing  materials s e l e c t e d  on t h e  b a s i s  of d a t a  
obtained from Tasks I1 and 111, This  r e p o r t  summarizes i n  d e t a i l  t h e  Task I 
e f f o r t .  
Task I V  w i l l  
The Task I materials survey cons i s t ed  of two p a r t s :  a l i t e r a t u r e  
survey and s u p p l i e r  consu l t a t ions .  The l i t e r a t u r e  survey concentrated on 
i n s u l a t i o n  materials and processes  developed and eva lua ted  i n  loo-,  120-, 
156-, and 260-in.-dia motors. From t h i s  survey,  a l i s t  of t h i r t y  f i rms  o r  
f a c i l i t i e s  engaged i n  research ,  development, and product ion of i n s u l a t i o n  
materials w a s  prepared. Letters reques t ing  material recommendations and 
cu r ren t  d a t a  on pressure-cured, t rowelable ,  c a s t a b l e ,  and sprayable  i n s u l a t o r s  
were s e n t  t o  t h i r t y  s u p p l i e r s .  For ty  materials were recommended by e ighteen  
of t h e  t h i r t y  s u p p l i e r s  contacted;  of t hese  f o r t y  materials, twenty-two w e r e  
o f  t h e  pressure-cured group, nine were t rowelable ,  n ine  were c a s t a b l e ,  and 
s i x  were sprayable .  
t o  s p e c i f i e d  material ca t egor i e s .  Material d a t a  rece ived  from t h e  va r ious  
s u p p l i e r s  were c o l l a t e d  and evaluated.  Following i n t e n s i v e  review, the  
fol lowing twenty materials were recowended f o r  Task I eva lua t ion :  
Only one phenoliclcrepe-paper material w a s  n o t  app l i cab le  
Pressure-Cured 
Gen-Gard V-44 (Control)  
Orco 9250 
General T i r e  & Rubber Co. 
Ohio Rubber Co. 
Uniroyal ,  Inc. USR 3800 
USR 3804 Uniroyal ,  Inc.  
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Trowelable 
Gen-Gard V-61 (Control)  
IBT-100 




General T i r e  & Rubber Co. 
Aero j e t-General Corp . 
Aero j et-General Corp . 
Lockheed Propuls ion 
Thiokol Chemical Corp. 
General T i r e  & Rubber Co. 
Cas t a b l e  
IBC-101 Aerojet-General Corp. 
40SD-80 
Cas t a b l e  Carbon 
RTV- 5 11 
American Poly-Term Co. 
A t l a n t i c  Research Corp. 
General Electr ic  Corp. 
Avcoat 8021 AVCO Corp. 










Products  Research & Chem. Corp. 
The foregoing material recommendations were approved by the  NASA-LeRC P r o j e c t  
Manager. This concluded the  materials survey p o r t i o n  of Task I. 
Material procurement w a s  i n i t i a t e d  f o r  Phase I property measurements 
and Phase I1 so l id -p rope l l an t  motor tests; Phase I and Phase I1 of Task I 
were accomplished concurrent ly .  
PBAA i n s u l a t i o n  could n o t  b e  procured w i t h i n  t h e  a l l o t t e d  expendi ture ,  
r e s u l t ,  93-104 c a s t a b l e  s i l i c o n e  rubber ,  manufactured by Dow Corning, w a s  sub- 
s t i t u t e d  f o r  LPL-44; The NASA-LeRC P r o j e c t  Manager concurred wi th  t h i s  s u b s t i -  
t u t i o n .  One o t h e r  material change w a s  made later i n  t h e  Task I e f f o r t ,  During 
processing of candida te  materials i n t o  t h e  test  motors,  an  acceptab le  specimen 
of c a s t a b l e  carbon could n o t  be obta ined  because of i t s  v i s c o s i t y  and cu re  
c h a r a c t e r i s t i c s .  As a r e s u l t ,  a specimen of I B C - 1 1 1  w a s  used in s t ead .  I B C - 1 1 1 ,  
Lockheed Propuls ion Company's LPL-44 t rowelable ,  
A s  a 
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manufactured by Aerojet-General C 
a b l e ,  PBAN-epoxy IBT-100, an  
f o r  t he  M-1 l i q u i d  engine p r  
si l ica) i n  p l a c e  of carbon b 
I n  t h e  Phase I e f f o r t ,  t h e  twenty cand 
survey were subjec ted  t o  t h e  fol lowing phys ic  
and adhesive proper ty  measurements : 
Composite Tens i l e  S t r eng th  Modulus 
Density Thermal Conduct ivi ty  
Pot  L i f e /Vi scos i ty  Build-Up Thermogravimetric Analysis  
Bondline Tensi le /Shear  S t rength  H e a t  Capacity 
Water Absorption Heat of Combustion 
Thermal D i f f u s i v i t y  
The o b j e c t i v e  w a s  t o  e s t a b l i s h  which of t he  candida te  materials possess  
p r o p e r t i e s  most app l i cab le  t o  260-in.-dia motor ope ra t ing  requirements.  
d a t a  from t h e  proper ty  measurement are summarized i n  t h i s  r e p o r t .  
The 
Phase I1 included the  design and manufacture of a 20-in.-dia so l id -  
p rope l l an t  i n s u l a t i o n  test  motor; requirements f o r  t h e  test  motor were as 
fo l lows  : 
Throat  Diameter, i n .  1.8 
Operating Pressure ,  p s i a  600 - + 25 
Burning Duration, sec 19 
Specimen Exposure Environment Mach zero t o  0 .3  
Prop e l l  an t ANB -3 2 5 4 
The a f t  c losure /nozz le  conf igu ra t ion  included a dua l  en t r ance  sec t ion .  
45-degree approach w a s  used from t h e  attachment f l a n g e  t o  an area r a t i o  of 
approximately 4: l .  
approach w a s  used t o  expand t h e  d e s i r e d  zero t o  0.3 Mach reg ion ,  
A 
From t h i s  area r a t i o  t o  t h e  t h r o a t  a 10-degree nozz le  
Government-furnished p r o p e l l a n t  c a r t r i d g e s  were used. The 20-in.-dia 
by 20-in.-long pressure-vesse l  w a s  f a b r i c a t e d  from an ASTM A235 steel fo rg ing ,  
The a f t  S i x  candida te  mater 
V-44 and e i n s t a l l e d  i n t o  t h e  
and p o s t t e s t  i n s u l a t i o n  specimen p r o f i l e s  w e r e  measured and recorded using a 
Portage Layout Machlne; p r o f i l e  measurements were used t o  determine i n i t i a l  Mach 
numbers a t  t h e  specimen s u r f a c e s  and t h e  material th i ckness  loss .  
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Three Task I i n s u l a t i o n  test  motors,  i d e n t i f i e d  as S/N's  1-1, 1-2, and 
1-3, were t e s t  f i r e d  on 18  October, 31 October,  and 22 November 1968, respec- 
t i v e l y .  
after which t i m e  t h e  motor chamber p re s su re  increased  ab rup t ly  t o  over  1000 p s i a ,  
causing f a i l u r e  of t h e  a f t  f l a n g e  j o i n t  b o l t s  and e j e c t i o n  of t h e  c l o s u r e ,  
Nei ther  t h e  motor pressure-vesse l  nor t h e  a f t  c l o s u r e  were damaged s i g n i f i c a n t l y .  
This malfunct ion w a s  a t t r i b u t e d  t o  improper i . n s t a l l a t i o n  of t he  p rope l l an t  cart- 
r idge .  
t h e  motor, r e i d e n t i f i e d  as S/N I-3A, w a s  test f i r e d  s u c c e s s f u l l y  on 20 December 
1968. 
The a t tempt  t o  test f i r e  motor S/N 1-3 r e s u l t e d  i n  a 1.9 sec hangf i r e ,  
The S/N 1-3 components were r epa i r ed ,  r e h a b i l i t a t e d ,  and reassembled; 
The fol lowing i s  a summary of t h e  i n s u l a t i o n  material specimens tested 
i n  each motor: 


















Notes: (1) Replacement material f o r  c a s t a b l e  carbon. 
(2) Used i n  p l ace  of 93-104. 
(3 )  Used i n  p l ace  of 93-104 specimen. 
The fol lowing is  a summary of motor performance: 
S/N 1-1 S / N  1-2 S / N  1-3 
1.9 sec Web Average Pressure ,  p s i a  6 40 641 
Maximum Pressure ,  p s i a  6 80 668 Hangf i re  
Web Duration, sec 17.6 17 .7  Closure 
Ejec ted  
















I. Summary (cont)  
Following each test ,  t h e  motor w a s  v i s u a l l y  inspec ted ,  t h e  char  l a y e r  w a s  
removed, and p o s t t e s t  p r o f i l e s  w e r e  obtained.  Using pre- and p o s t t e s t  
each material th ickness  l o s s  was measured a t  s p e c i f i e d  l o c a t i o n s  normal 
specimen su r faces ;  gas  flow Mach numbers at  t h e  specimen s u r f a c e s  w e r e  ca 
l a t e d .  Thickness l o s s  rates were ca l cu la t ed ,  and a v i s u a l  comparison of ea 
candida te  material performance relative t o  V-44 w a s  ob ta ined  by p l o t t i n g  t h  
th ickness  l o s s  rate as a func t ion  of Mach number, then  drawing t h e  most repre-  
s e n t a t i v e  l i n e  through t h e  d a t a  p o i n t s  f o r  each material. 
relative t o  V-44 are summarized as fol lows:  
Material performance 
1. USR-3800 8. V-44 ( con t ro l )  15. IBS-108 
2.  Orco 9250 9. IBS-109 16. Avcoat I1 
3. V-61 10. V-4011 17 .  RTV-511 
4. IBT-100 11. USR-3804 18. PR-1933 
5. IBS-107 12. 4OSD-80 19.  TBS-758 
6. I B C - 1 1 1  
7. IBT-106 
13. IBC-101 
14.  TI-H704B 
Avcoat 8021 - No meaningful 
d a t a  - 93-104 and Castable  
Carbon no t  t e s t e d .  
The o b j e c t i v e  of Phase I11 pre l iminary  eva lua t ion  w a s  t o  review the  d a t a  
obtained from Phases I and 11, and, on t h e  b a s i s  of t h i s  d a t a ,  select eleven 
materials, inc luding  V-44 c o n t r o l  f o r  f u r t h e r  eva lua t ion  i n  Tasks I1 and 111. 
Independent trade-off eva lua t ions  were made based on t h e  fol lowing charac te r -  
i s t ics :  performance; c o s t ;  compa t ib i l i t y  wi th  p r o p e l l a n t / l i n e r / s t e e l ;  thermal ,  
phys i ca l ,  chemical, mechanical, and adhesive p r o p e r t i e s ;  and ease of repair/  
removal. 
s i g n i f i c a n c e  placed on performance and c o s t .  The s i l i c o n e  rubber materials, 
93-104, RTV-511, and PR-1933, were e l imina ted  from f u r t h e r  cons ide ra t ion  
because of t h e i r  poor e ros ion  r e s i s t a n c e  and bonding c h a r a c t e r i s t i c s  wi th  
SD 850-2 l i n e r .  An unacceptable ,  s h o r t  po t  l i f e  w a s  t h e  reason f o r  e l imina t ing  
V-61 and V-4011; V-4011 a l s o  experienced poor bonding t o  SD-850-2 l i n e r .  The 
fol lowing materials w e r e  recommended f o r  Task I1 and I11 evalua t ion :  
A s i g n i f i c a n c e  f a c t o r  w a s  app l i ed  t o  each c h a r a c t e r i s t i c ,  wi th  major 
Pres  sure-Cured Task I1 Task I11 
Gen-Gard V-44 No  demonstrat ion Control  specimen 





Demonstrate as head 1 motor test 
i n s u l a t o r  
Demonstrate as head/ 1 motor test 
s idewa l l  i n s u l a t i o n  
Demonstrate as head 1 motor test  
s idewa l l  i n s u l a t i o n  
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Task I1 Task I11 
Cas t a b l e  
IBC-101 
I B C - 1 1 1  






Demonstrate as head 
i n s u l a  t o r  
Demonstrate as head 
i n s u l a t o r  
Demonstrate as s idewa l l  
i n s u l a t o r / p r o p e l l a n t  
boot  
Demonstrate as s idewa l l  
i n s u l a t o r / p r o p e l l a n t  
boot  
Demonstrate as s idewa l l  
i n s u l a t o r  
1 motor test 
1 motor test 
1 motor test 
1 motor test 
1 motor test  
1 motor test 
The approval of t he  foregoing material recommendations by the  NASA-LeRC 
P r o j e c t  Manager concluded the  Task I e f f o r t  of t h e  LMISD Program. 
I1 INTRODUCTION 
A. PURPOSE OF REPORT 
This document i s  t h e  f i r s t  volume i n  a series of f i n a l  r e p o r t s  
dea l ing  wi th  t h e  major t a s k s  of t h e  Large Motor I n s u l a t i o n  System Development 
(LMISD) Program, Contract  NAS3-11224. This  series of r e p o r t s  c o n s t i t u t e s  t h e  
LMISD Program f i n a l  r e p o r t .  This  r e p o r t  summarizes i n  d e t a i l  t he  Task I e f f o r t  
f o r  t he  LMISD Program. 
B. PROGRAM BACKGROUND 
I n  the  des ign  of t h e  i n s u l a t i o n  system f o r  Motors 260-SL-1, S1-2, 
and SL-3, which w e r e  test f i r e d  s u c c e s s f u l l y  a t  the  Aerojet-Dade Div is ion ,  
F lo r ida ,  t he  main emphasis w a s  placed on r e l i a b i l i t y ,  so t h a t  t he  i n s u l a t i o n  
system e s s e n t i a l l y  w a s  zero-r isk t o  t h e  program. For t h i s  reason,  Gen-Gard 
V-44 rubber  w a s  s e l e c t e d  as t h e  i n s u l a t i n g  material because of i t s  demon- 
s t r a t e d  r e l i a b i l i t y  and p r e d i c t a b l e  performance i n  numerous p r i o r  rocke t  motor 
programs. 
t h e  requi red  conf igu ra t ion  a t  h igh  temperature  and p res su re .  These cured 
components were t r anspor t ed  t o  the  motor processing f a c i l i t y  and secondar i ly  
V-44 rubber  i n s u l a t i o n  components were vulcanized  on mandrels t o  
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bonded i n t o  t h e  motor chamber i n t e r i o r .  This  technique,  a l though h igh ly  reli-  
a b l e ,  involved t h e  use  of s u b s t a n t i a l  t o o l i n g  and l abor ,  bo th  a t  t h e  r 
component manufacturing f a c i l i t y  and a t  t h e  motor processing f a c i l i t y .  
A s  t h e  260-in.-dia motor demonstration program had been completed 
success fu l ly ,  i t  w a s  now p o s s i b l e  t o  cons ider  c o s t  op t imiza t ion  of t h e  l a r g e  
motor i n s u l a t i o n  system us ing  Gen-Gard V-44 material p r o p e r t i e s ,  processing 
techniques,  and performance as comparative b a s e l i n e s .  Seve ra l  materials showed 
p o t e n t i a l  f o r  l a r g e  s o l i d  motor a p p l i c a t i o n s  a t  a c o s t  sav ings  through reduc- 
t i o n  i n  raw materials, processing,  t oo l ing ,  and l abor .  Previous work accomplished 
under Contract  AF 04(611)-11609, I n v e s t i g a t i o n  of I n s u l a t i o n  Materials f o r  
Mul t ip le  Restart Appl ica t ions ,  and Contract  NAS3-12083, P repa ra t ion  of I n s u l a t i o n  
Material Monograph, i d e n t i f i e d  low c o s t  material previous ly  thought t o  be un- 
s u i t a b l e  f o r  l a r g e  motor a p p l i c a t i o n s ,  
Ana ly t i ca l  and experimental  i n v e s t i g a t i o n  of candida te  materials 
followed by selective screening  and design d e f i n i t i o n ,  us ing  common ground 
r u l e s ,  w a s  t he  necessary f i r s t  s t e p  toward t h e  q u a l i f i c a t i o n  of a cost-optimized 
i n s u l a t i o n  system f o r  260-in.-dia motors. 
h e r e i n  w a s  der ived  t o  accomplish t h i s  first s t e p .  
The development program descr ibed  
C .  PROGRAM OBJECTIVES 
The ob jec t ives  of t he  LMISD Program are t o  eva lua te  i n s u l a t i o n  
materials app l i cab le  t o  l a r g e  so l id -p rope l l an t  motors,  select the  b e s t  materials 
based on c o s t ,  processing c a p a b i l i t y ,  and performance, and relate the  s e l e c t e d  
materials t o  an i n s u l a t i o n  system design f o r  a 260-in.-dia f u l l - l e n g t h  motor, 
Four t a sks  w e r e  der ived  t o  accomplish t h e  program ob jec t ives .  Task I,  which is  
t h e  s u b j e c t  of t h i s  r e p o r t ,  involved a survey of a v a i l a b l e  materials, s e l e c t i o n  
of twenty candida te  materials, eva lua t ion  of candida te  material p r o p e r t i e s  and 
thermal performance, and s e l e c t i o n  of twelve materials f o r  f u r t h e r  eva lua t ion  
i n  Tasks I1 and 111. Task I1 w a s  t h e  process  demonstrat ion,  i n  which t h e  cand- 
i d a t e  materials s e l e c t e d  i n  Task I were i n s t a l l e d  i n t o  a 54-in.-dia motor 
chamber. Task I11 included candida te  material performance determinat ions i n  
f i v e  so l id -p rope l l an t  motor test f i r i n g s .  Task I V  w a s  t h e  p repa ra t ion  of a 
design and process  p l an  f o r  a 260-in.-dia f u l l - l e n g t h  motor cost-optimized 
i n s u l a t i o n  system using materials and processes  s e l e c t e d  from Tasks I1 and 111. 
D. SCOPE OF EFFORT 
This  r e p o r t  volume summarizes i n  d e t a i l  t h e  Task I e f f o r t  f o r  t h e  
LMISD Program. The fol lowing work w a s  accomplished: 
1. A survey of i n s u l a t i o n  materials a p p l i c a b l e  t o  l a r g e  s o l i d  
rocke t  motors. 
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2. Consul ta t ion wi th  i n s u l a t i o n  material s u p p l i e r s  regard ing  
a v a i l a b i l i t y  of candidate  materials. 
3. Se lec t ion  of twenty materials f o r  eva lua t ion  i n  Task I. 
4 .  Determination of phys i ca l ,  chemical, thermal,  mechanical, 
and adhesive p r o p e r t i e s  of twenty candidate  materials. 
5. Design, manufacture, and tes t  of t h r e e  so l id-propel lan t  
motors t o  eva lua te  thermal performance of twenty candida te  i n s u l a t i o n  materials. 
6. Evaluat ion of t he  p r o p e r t i e s  and thermal performance of candi- 
d a t e  materials. 
7. Se lec t ion  of twelve materials f o r  f u r t h e r  eva lua t ion  i n  
Tasks I1 and I11 f o r  the  LMISD Program. 
E. PROGRAM SCHEDULE 
A program schedule  is  shown i n  Figure 1. 
111. MATERIAL SURVEY 
The materials survey cons is ted  of two p a r t s :  a l i t e r a t u r e  survey and 
s u p p l i e r  consu l t a t ions ,  
were inves t iga ted :  
Materials app l i cab le  t o  t h e  fol lowing ca t egor i e s  
Chemical Groups 
s y n t h e t i c  rubber  and s y n t h e t i c  r u b b e r / f i l l e r  combinations 
phenol ic  f i l l e r ,  phenol ic /na tura l  r u b b e r / f i l l e r ,  and 
phenol ic / synthe t ic  r u b b e r / f i l l e r  combinations 
Phys ica l  Groups 
p re s su re  cured components secondar i ly  bonded i n t o  p l ace  
ambient cured o r  vacuum cast components secondar i ly  bonded 
i n t o  p l ace  
room o r  e l eva ted  temperature cured materials troweled o r  
cast i n t o  p l ace  
room o r  e l eva ted  temperature cured materials sprayed i n t o  
p l ace  
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Primary emphasis w a s  placed on the  i n v e s t i g a t i o n  of t rowelable ,  c a s t a b l e ,  and 
sprayable  materials, p re fe rab ly  those  capable  of being processed a t  t h e  motor 
manufacturing f a c i l i t y .  Only those  materials meeting t h e  fol lowing requi re -  
ments were considered:  
t h e  material must have no previous u n r e l i a b l e  usage h i s t o r y  
i n  so l id -p rope l l an t  motors 
s u p p l i e r s  of any given material must be  a b l e  t o  manufacture 
t h e  material i n  q u a n t i t i e s  necessary  f o r  l a r g e  motor appl i -  
ca t ions  wi thout  ex tens ive  f a c i l i t y  modi f ica t ions ;  assumed 
motor product ion rate w a s  4 u n i t s  p e r  year  
s u p p l i e r ' s  q u a l i t y  c o n t r o l  c a p a b i l i t y  must be adequate  f o r  
t h e  intended material use.  
A l i t e r a t u r e  survey on i n s u l a t i o n  materials and processes  developed and 
evaluated i n  l a r g e  motor programs, loo-, 120-, 156-, and 260-in.-dia motors,  
w a s  conducted. A l i s t  of t h e  r e p o r t s  reviewed i n  t h e  l i terature survey are 
shown i n  Figure 2. Based on t h i s  survey,  a l i s t  of p r i n c i p a l  s u p p l i e r s  and 
f i rms  o r  f a c i l i t i e s  engaged i n  research ,  development, and product ion of a l l  
types of i n s u l a t i o n  materials w a s  prepared. Letters r eques t ing  cu r ren t  d a t a  
on pressure-cured, t rowelable ,  ca s t ab le ,  and sprayable  i n s u l a t i o n  materials 
which m e t  the  foregoing requirements ,  w e r e  s e n t  t o  t h e  fol lowing s u p p l i e r s :  
General  T i r e  & Rubber Co. U. S. Naval Ordnance Laboratory 
Lockheed Propuls ion Go. Hercules ,  Inc . ,  Allegany Bal l is t ics  Lab. 
Thiokol Chemical Corp. Dow Corning Corp. 
United Technology Center General Electr ic  Co. 
American Poly-Therm Co. 
K i r k h i l l  Rubber Co. 
Ohio Rubber Co. 
A t l a n t i c  Research Corp. 
Uniroyal,  I n c  . 
West American Rubber Co. 




F i b e r i t e  West Coast Corp. 
Union Carbide Corp. 
I n s u l a t i o n  Technology, Inc.  
H. I. Thompson F ibe rg la s s  Co. 
B. F. Goodrich Co. 
Goodyear T i r e  & Rubber Co. 
Arrowhead Products  
Narmco Materials Div is ion  
Garlock, Inc.  
Product Research Co. 
Minnesota Mining & Manufacturing Co. 
Aero jet-General Corporation 
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A sample of t h e  let ter which w a s  s e n t  t o  each s u p p l i e r  is  shown i n  Figure 3. 
The d a t a  reqliested included a v a i l a b l e  q u a n t i t i e s ;  d e l i v e r y  t i m e ;  r a w  material 
c o s t  f o r  va r ious  q u a n t i t i e s ;  processing c h a r a c t e r i s t i c s ;  adhesive bonding d a t a ;  
use  h i s t o r y ;  and mechanical, phys ica l ,  chemical, and adhes ive  p r o p e r t i e s .  
Personal  con tac t s  were made wi th  responding s u p p l i e r s  whose material o r  process  
w a s  d i r e c t l y  app l i cab le  t o  l a r g e  motor i n s u l a t i o n  systems. 
Forty-six materials w e r e  recommended by e igh teen  of t h i r t y  s u p p l i e r s  
contacted.  O f  t h e  f o r t y - s i x  materials recommended, twenty-two were of t h e  
pressure-cured group, n ine  were t rowelable ,  n i n e  were cas t ab le ,  and six were 
sprayable .  Figure 4 is a summary of i n s u l a t i o n  materials recomended by 
responding supp l i e r s .  
by U. S. Polymeric, w a s  n o t  app l i cab le  t o  t h e  s p e c i f i e d  material ca t egor i e s .  
Material d a t a  rece ived  from s u p p l i e r s  are summarized i n  F igures  5 and 6 .  
Only FM-5272, a phenoliclcrepe-paper material recommended 
The fo r ty - s ix  recommended i n s u l a t i o n  materials were reduced t o  t h e  
t h i r t y  materials shown i n  F igure  7. 
from each of t h e  pressure-cured group classes shown i n  F igure  4,  p lus  t h e  
Gen-Gard V-44 con t ro l .  Only one material from the  b u t y l ,  SBR-phenolic, and 
i soprene  classes w e r e  recommended and a v a i l a b l e  f o r  s e l e c t i o n .  
material w a s  s e l e c t e d  from each of  t h e  NBR, NBR-phenolic, and phenolic- 
carborazole  classes. The two s u p p l i e r  recommended materials from t h e  newly 
developed ethylene-propylene class were s e l e c t e d .  Also,  s i n c e  s ix  s i l i c o n e  
rubber materials were recommended by s u p p l i e r s ,  two materials from t h i s  class 
w e r e  included wi th  t h e  t h i r t y  materials. A l l  n ine  of t he  s u p p l i e r  recommended 
t rowelable  materials w e r e  included i n  Figure 7. O f  t h e  n i n e  c a s t a b l e  materials 
recommended, f i v e  were se l ec t ed .  Two of t h e  polyurethane materials recommended 
by American Poly-Therm, 4OSA-2 and 4OSA-40, were e l imina ted  becuase of t h e i r  
high cos t .  Also, one of t h e  s i l i c o n e  rubber  materials recomended by Dow 
Corning, 93-073, w a s  excluded because of i t s  s i m i l a r i t y  t o  93-104. Five of 
t h e  s ix  recommended sprayable  materials w e r e  s e l ec t ed .  IBS-105 w a s  e l imina ted  
because of i ts chemical and phys ica l  p roper ty  s i m i l a r i t y  t o  IBS-109. 
I n  genera l ,  one material w a s  s e l e c t e d  
The lower cos t  
The reduct ion  of t h i r t y  materials down t o  twenty materials recommended 
f o r  eva lua t ion  i n  t h e  Task I proper ty  measurements and thermal tests w a s  
accomplished s t r i c t l y  on a c o s t  b a s i s .  S ince  the  LMISD program w a s  d i r e c t e d  
toward t rowelable  , c a s t a b l e ,  and sprayable  groups , t h e  recommended twenty 
materials included a minimum of f ive materials from these  material groups. 
The l i s t  of the  twenty materials s e l e c t e d  f o r  Task I eva lua t ion  is  shown i n  
F igure  8. 
Only t h r e e  materials o t h e r  than V-44 c o n t r o l  were s e l e c t e d  f r o m  the  
s e l e c t e d  from t h e  pressure-cured group. 
(EPR class), and USR 3800 (NBR-phenolic class) were t h e  lowest  c o s t  materials, 
S ix  t rowelable  materials w e r e  recommended f o r  f u r t h e r  eva lua t ion .  The c o s t  
Orco 9250 (NBR c l a s s ) ,  USR 3804 
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d i f f e r e n t i a l  between t h e  s i l i c o n e  clas 
clear. Gen-Gard 4011 
GT&R f o r  low temperatu 
p e r a t u r e  a p p l i c a t i o n  involved i n  l a r g e  
o f f e r e d  processing and a b l a t i v e  po ten t  
program. 
Only f i v e  sprayable  materials w e r e  a v a i l a b l e  from t h e  t h i r t y  
those  f i v e  materials were recommended f o r  f u r t h e r  eva lua t ion .  
The recommendation of t he  twenty materials shown i n  F igure  8 w a s  approved 
The h ighe r  c o s t  DC 93-104 w a s  e l imina ted  from t h e  
by t h e  NASA-LeRC P r o j e c t  Manager, thus completing t h e  material survey p o r t i o n  
of t h e  Task I e f f o r t .  
I Y .  PHASE I - MATERIAL PROPERTY MEASURJ3MENTS 
I n  t h i s  phase of t h e  Task I e f f o r t ,  t h e  twenty materials s e l e c t e d  from 
t h e  materials survey (Figure 8) w e r e  s u b j e c t  t o  t h e  fol lowing phys ica l ,  chemical, 
mechanical, thermal,  and adhesive proper ty  measurements: 
Composite t e n s i l e  s t r e n g t h  and modulus 
Density 
Po t  l i f e  and v i s c o s i t y  
Bond l i n e  t e n s i l e  and shea r  s t r e n g t h  
Water absorp t ion  
Thermal d i f f u s i v i t y  
Thermal conduct iv i ty  
Thermogravimetric a n a l y s i s  
Heat capac i ty  
Heat of combustion 
The o b j e c t i v e  of t h i s  t a s k  w a s  t o  e s t a b l i s h  which of t h e  candida te  materials 
possess  p r o p e r t i e s  most app l i cab le  t o  260-in.-dia motors. Property measure- 
ment test procedures are descr ibed  i n  Appendix I. 
I n s u l a t i o n  material procurement f o r  t h e  Phase I proper ty  measurements 
i n i t i a t e d  concurren t ly .  Supp l i e r s  of t he  
re 8 w e r e  contacted and arrangements w e r e  made 
l b  of each material f o r  a l l  of t he  Task I tests. 
-44 and V-61 materials were a v a i l a b l e  as r e s i d u a l  
a r y  i s  shown i n  F igure  9.  Five materials w e r e  
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from t h e  260-SL-3 motor program. 
formulat ions were a v a i l a b l e  from 
i n  Figure 5. 
use  of a s m a l l  specimen i n  t h e  test  mot 
cerning procurement of Lockheed Propuls  
i n s u l a t i o n ;  a f i rm quota t ion  of $6200 w a s  rece ived  f o r  25 l b  of t h i s  material, 
which amounted t o  $248/1b. S ince  t h e  c o s t  w a s  beyond t h e i r  adve r t i s ed  p r i c e  
and beyond t h e  a l l o t t e d  expendi tures  f o r  material procurement, a r eques t  w a s  
made t o  s u b s t i t u t e  Dow Corning 93-104 c a s t a b l e  s i l i c o n e  rubber  material f o r  
t h e  LPL-44. The NASA-LeRC P r o j e c t  Manager concurred wi th  t h i s  s u b s t i t u t i o n  
and DC-93-104 material w a s  procured. 
Raw m 
Only 6 l b  of TI-H70 
Resul t s  of t h e  proper ty  measurements are summarized i n  F igure  10. The 
fol lowing paragraphs summarize t h e  p e r t i n e n t  r e s u l t s  of each test. 
A. MECHANICAL PROPERTIES 
Tens i l e  s t r e n g t h ,  e longat ion ,  modulus, and Shore A hardness  va lues  
f o r  19 i n s u l a t i o n  materials are shown i n  F igure  10.  
curves  are shown i n  F igure  11. Tens i l e  s t r e n g t h  va lues  ranged from a high of 
3332 p s i  f o r  Avcoat 802, t o  a low of 82 p s i  f o r  RTY-511. 
ment f o r  i n s u l a t i o n  material is  t h a t  i t s  t e n s i l e  s t r e n g t h  must be  equal  t o  o r  
g r e a t e r  than t h e  p r o p e l l a n t  t e n s i l e  s t r e n g t h .  Measured t e n s i l e  s t r e n g t h  va lues  
of 260-SL motor p rope l l an t s ,  ANB-3105 and ANB-3254 w e r e  as fol lows:  
Typica l  s t r e s s - s t r a i n  
The b a s i c  requi re -  
P rope l l an t  
ANB-3105 
AN'B-3254 
Average Tens i l e  
S t rength ,  p s i  Motor 
118/101 260-SL-l/SL-2 
90 260-SL-3 
RTV-511 s i l i c o n e  rubber  w a s  t h e  only material t h a t  exh ib i t ed  a t e n s i l e  s t r e n g t h  
less than t h e  m a x i m u m  p r o p e l l a n t  s t r e n g t h  of 118 p s i ,  a l l  o t h e r  material t e n s i l e  
s t r e n g t h s  were equal  t o  o r  g r e a t e r  than  118 p s i .  
Modulus and Shore A hardness  va lues  ranged from a h igh  of 35,958 p s i  
and 90 f o r  Avcoat 8021 t o  a low of 132 p s i  and 21 f o r  PR 1933. 
B. DENSITY 
ured dens i ty  va lues  a t  100, 200, 300°F are included i n  
d a t a  are presented  g r a p h i c a l l y  i g u r e  12. There is  no 
e n t  regard ing  material d e n s i t y  f o r  l a r g e  motor app l i ca t ions .  
i s  a f a c t o r  i n  t h e  i n s u l a t i o n  des ign  th i ckness  ve r sus  t o t a l  
i g h t  t radeoff  
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C. HEAT CAPACITY, HEAT OF COMBUSTION, THERMAL 
CONDUCTIVITY, AND THERMAL, DIFFUSIVITY 
Measured va lues  f o r  t hese  f o u r  material p r o p e r t i e s  are included i n  
Figure 10;  thermal d i f f u s i v i t y ,  thermal conduct iv i ty  and h e a t  capac i ty  va lues  
are p l o t t e d  versus  temperature i n  Figures  13, 1 4 ,  and 15 ,  r e spec t ive ly .  These 
p r o p e r t i e s  are a measure of t h e  c a p a b i l i t y  of t h e  material t o  resist thermal 
degradat ion,  Previous i n s u l a t i o n  development work, Reference 21  i n  F igure  2 ,  
found t h a t  material thermal p r o p e r t i e s  w e r e  r e l a t e d  t o  a b l a t i o n  r e s i s t a n c e .  
D. BOND LINE TENSILE AND SHEAR STRENGTH 
Bond l i n e  t e n s i l e  and shea r  s t r e n g t h  specimen test  r e s u l t s  are 
included i n  Figure 10. 
adhesive,  i n s u l a t i o n ,  l i n e r ,  and p r o p e l l a n t ) ,  t he  va lues  shown r e f l e c t ,  f o r  
t h e  most p a r t ,  t h e  p r o p e l l a n t  t e n s i l e  and shea r  s t r e n g t h s .  Previous va lues  
obtained i n  s imilar  260-SL-3 motor program tests were 150 p s i  t e n s i l e  and 
104 p s i  shear .  Poor bonding between i n s u l a t i o n  and l i n e r  were experienced 
wi th  the  s i l i c o n e  rubber  materials, RTV-511, 93-104 and PR1933, and wi th  4011 
and Avcoat 11. Bonding problems wi th  the  s i l i c o n e  rubber materials a l s o  w e r e  
experienced during processing of i n s u l a t i o n  specimens i n t o  the  test  motor a f t  
c losure ,  Some reduct ion  i n  s t r e n g t h  va lues  w e r e  recorded f o r  the  IBS-108 and 
-109 specimens; f o r  t hese  materials, f a i l u r e  occurred i n  t h e  insu la t ion- to-  
p rope l l an t  i n t e r f a c e .  
Because t h e s e  were composite specimens ( s t e e l ,  primer,  
E.  POT LIFE 
Material pot  l i f e  and working consis tency da ta ,  included i n  
Figure 10, w e r e  recorded during processing of t he  test motor a f t  c lo su re  
specimens. 
F. VISCOSITY 
Viscos i ty  build-up curves f o r  candida te  t rowelable ,  c a s t a b l e ,  and 
sprayable  materials are shown i n  Figures  16, 17 ,  and 18, r e spec t ive ly .  The 
pot  l i f e  of 4011 and V-61 were s o  s h o r t  (<30 minutes) t h a t  meaningful v i s c o s i t y  
d a t a  could n o t  be  obtained.  
material w e r e  rece ived;  f o r  t h i s  reason,  t h e r e  w a s  i n s u f f i c i e n t  material 
a v a i l a b l e  f o r  t h e  ex t rus ion  tube rheometer v i s c o s i t y  measurement. 
A s  previous ly  r epor t ed ,  only 6 l b  of TI-H704B 
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I V .  Phase I - Material Proper ty  Measurements (cont )  
G. THERMOGRAVIMETRIC ANALYSIS 
Curves showing t h e  thermogravimetric a n a l y s i s  conducted a t  a heat-  
These TGA curves showed t h a t  t h e  ing  rate of 20°C/min are shown i n  F igure  19. 
c a s t a b l e  carbon and t h e  DC-93-104 materials w e r e  f a r  s u p e r i o r  t o  t h e  o t h e r  
materials i n  thermal s t a b i l i t y .  
r ap id ly  i n  a temperature range from 300 t o  400'C. 
Avcoat 8021 and 40SD-80 material decomposed 
The TGA d a t a  were used i n  conjunct ion wi th  a computer program t o  
determine chemical k i n e t i c  rate cons tan ts  r equ i r ed  f o r  t he  p repa ra t ion  of t h e  
I n s u l a t i o n  Thermal Behavior Model i n  Task 111. The k i n e t i c  rate cons t an t s  
r equ i r ed  included t h e  o r d e r  of r e a c t i o n ,  t h e  frequency f a c t o r ,  and t h e  acti-  
v a t i o n  energy. 
H. WATER ABSORPTION 
Resu l t s  of t h e  water absorp t ion  test  series are included i n  
F igure  10. Materials t h a t  prev ious ly  exh ib i t ed  u n s a t i s f a c t o r y  bondl ine t e n s i l e  
and shea r  s t r e n g t h s ,  93-104, RTV-511, PR 1933, and 4011, were no t  subjec ted  t o  
t h e  moisture  absorp t ion  tests. I n  gene ra l ,  t h e r e  appeared t o  be no s i g n i f i c a n t  
degradat ion i n  t h e  bond s t r e n g t h s  a f t e r  exposure t o  50 and 90% RH, except  f o r  
t he  IBS, IBC,  and IBT materials. During t h e  t e n s i l e l s h e a r  bond l i n e  s t r e n g t h  
tests conducted as p a r t  of t h e  water absorp t ion  eva lua t ion ,  t h e  I B T ,  I B C ,  and 
IBS materials experienced propel lan t - to- insu la tor  breaks a f t e r  both 180°F 
drying and extended exposure t o  50 and 90% RH. IBS-108 and IBS-109 experienced 
propel lan t - to- l iner  breaks a l s o  on t h e  "as-received" specimens. 
f o r  t hese  p rope l l an t - to - l ine r  breaks w e r e  due e i t h e r  t o  oxida t ion  o r  pos t  cure  
of t h e  i n s u l a t i o n  s u r f a c e  during 180°F drying o r  t o  poor adhesive q u a l i t i e s  i n  
t h e  p rope l l an t  used f o r  t h i s  test series. 
repeated i n  t h e  fol lowing t a b l e  f o r  c l a r i t y  of d i scuss ion .  
The reasons 
Bond l i n e  t e n s i l e l s h e a r  va lues  are 
Tens i l e  Shear,  p s i  
Af t e r  180°F Af te r  50% RH Af te r  90% RH 
'I  As-Proces sed" Drying Expo s u r e  Exposure 
IBS-107 931107 a 73/77 b 85/88 c 77/62 d 
IBS-10 8 127*/71* a 63*/38* b 61*/42* c 56*/31* d 
IBS-109 125*/82* a 86*/59* b 46*/32* c 74*140* d 
IBT-100 1671105 a 59*/53* b 32*/35* c 40*/69* d 
IBT- 106 1611108 a 104*/66* b 84*/92 c 59*/80 d 
IBC- 101  1311105 a 64*/63* b 61*/74* c 83*/69* d 
IBC- 111 961189 b 103*/109* d 75/89 e 841103 e 
*Break a t  propel lan t - to- l iner  bond. 
a, b ,  c, d,  e, - Sequence of p r o p e l l a n t  ba tches  used i n  t h i s  test series. 
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1V.H. Water Absorption (cont )  
A t  f i r s t ,  t he  p r o p e l l a n t  used i n  specimen p repa ra t ion  w a s  suspected of having 
p o t e n t i a l l y  poor adhesive p r o p e r t i e s .  This p rope l l an t  w a s  obtained from ba tches  
processed f o r  t he  P rope l l an t  Improvement Program being ccmducted under NASA-LeRC 
Contract  NAS3-12002. 
ba tches  i n  t h e  foregoing t a b l e  showed no c o r r e l a t i o n  between a s p e c i f i c  pro- 
p e l l a n t  batch and propel lan t - to- l iner  breaks.  Batches a,  c y  and d gave consis-  
t e n t l y  h igh  t e n s i l e / s h e a r  va lues  (-170/130 p s i ) ,  whereas ba tches  b and e pro- 
duced lower va lues  (-100/150 p s i ) .  From t h i s  d a t a ,  i t  w a s  concluded t h a t  t h e  
propel lan t - to- l iner  breaks i n  t h e  IBX materials w e r e  caused by s u r f a c e  oxida t ion  
o r  post-cure during the  180°F drying cycle .  Apparently s e r i o u s  cons idera t ion  
must be given t o  using t h e  SD 850-2 l iner  system wi th  t h e  I B X  materials, par- 
t i c u l a r l y  i f  t h e  "as i n s t a l l e d "  i n s u l a t i o n  experiences long term s t o r a g e  o r  
temperatures i n  excess  of +135'F. 
above 135°F appears remote, s i n c e  t h e  weight ga in  f o r  t h e  I B X  PBAN-epoxy and 
CTPB materials w a s  only 0.30 t o  0.42% a f t e r  prolonged exposure t o  a 50% RH 
environment. During Task I11 processing opera t ions ,  a d d i t i o n a l  double-plate 
specimens w i l l  be  prepared t o  i n v e s t i g a t e  t h e  e f f e c t  of an SD 850-2 l i n e r  
system on the  bond l i n e  t e n s i l e / s h e a r  s t r e n g t h  va lues  of I B X  materials. One 
prel iminary test w a s  made during the  moisture  absorp t ion  eva lua t ion  series. 
Fresh SD 850-2 l i n e r  w a s  app l i ed  t o  one of t h e  I B C - 1 1 1  specimens fol lowing 90% 
RH exposure. The measured t e n s i l e  s t r e n g t h  va lue  w a s  108 p s i ;  t h i s  va lue  w a s  
s i g n i f i c a n t l y  h igher  than t h e  84 p s i  va lue  obtained f o r  I B C - 1 1 1  specimens with- 
o u t  l i n e r  (see Note 10, F igure  10, Sheet 4 ) .  
Rela t ing  t e n s i l e / s h e a r  va lues  t o  the  va r ious  p r o p e l l a n t  
However, t h e  n e c e s s i t y  f o r  drying temperatures 
Measured mois ture  weight ga in  va lues  were as expected. Percent  
USR 3804 ethylene-  
weight ga in  f o r  t h e  PBAN-epoxy, CTPB, and PBAA materials ranged from 0.30 t o  
0.42% a f t e r  prolonged exposure t o  a 50% RH environment. 
propylene material exh ib i t ed  t h e  lowest weight ga in  (0.36%) o f  the  pressure-  
cured materials. 
q u a n t i t i e s  of b o r i c  a c i d ,  experience h igher  weight ga ins  of 1 .51  and 1.65%, 
r e spec t ive ly .  
cured, 40-SD80, V-61, and TI-H704B materials a f t e r  180°F drying and prolonged 
exposure t o  50 and 90% RH environments. 
USR 3800 and V-61 materials, which conta in  s i g n i f i c a n t  
There w a s  no apparent  bond s t r e n g t h  degradat ion f o r  pressure-  
V. PHASE I1 - MATERIAL THERMAL TESTS 
A. INSULATION TEST MOTOR DESIGN , 
Relative performance of t he  twenty i n s u l a t i o n  materials s e l e c t e d  
from the  survey w a s  measured i n  subsca le  so l id -p rope l l an t  motor tests. 




V.A. Phase I1 - Material Thermal T e s t s  (cont)  
Throat Diameter, i n .  1.8 minimum 
600 + 25 Operating P res su re ,  p s i a  - 
Burning Duration, sec 19 minimum 
Specimen Exposure Environment Mach 0 t o  0.3 
P rope l l an t  ANB-3 25 4 
The i n s u l a t i o n  test motor conf igura t ion  i s  shown i n  F igure  20. 
engineer ing drawings f o r  t h e  i n s u l a t i o n  test motor are shown i n  Appendix 11, 
Three Task I motor tests were planned. 
s ix  candidate  i n s u l a t i o n  specimens, p lus  a Y-44 and V-61 specimen f o r  con t ro l ,  
A stress a n a l y s i s  summary of LMISD test motor components is  shown i n  F igure  21. 
Deta i led  
Each test  motor a f t  c lo su re  contained 
The most d i f f i c u l t  p a r t  of t h e  Phase I Thermal T e s t  ( a l so  Task 111, 
Phase I, Material Performance Determination) w a s  t o  o b t a i n  accu ra t e  i n s u l a t i o n  
e ros ion  d a t a  a t  t h e  h igher  Mach number reg ions  i n  a motor wi th  a small nozz le  
s i z e ,  G a s  v e l o c i t i e s  from Mach 0 .1  t o  0.3 occurred i n  a r e l a t i v e l y  s m a l l  
r eg ion  c l o s e  t o  t h e  motor t h roa t .  A 10-degree nozz le  approach w a s  used t o  
expand t h i s  Mach number region.  The observed th icknesses  l o s s  rate (TLR) of 
V-44 a t  Mach 0.3 i n  l a r g e  motors i s  approximately 0.065 in . / s ec .  
t h i s  i s  reduced t o  only 0.01 in . / s ec .  This  means t h a t  w i th in  2.0 i n . ,  which 
i s  t h e  t r u e  d i s t a n c e  between the  Mach 0 . 1  and the  Mach 0.3 reg ions  on t h e  
i n s u l a t i o n  s u r f a c e  the  e ros ion  rate d i f f e r e d  by a f a c t o r  of 6.5. The concern 
w a s  t h a t  t he  reg ion  between Mach 0 . 1  and s o n i c  flow (Mach 1.0)  w a s  so  narrow 
t h a t ,  f o r  20 sec of exposure,  e ros ion  a t  the  h igher  Mach number r eg ions  would 
in f luence  and d i s t o r t  e ros ion  upstream a t  t h e  lower Mach number reg ions .  To 
ensure  t h a t  usable  e ros ion  d a t a  w e r e  ob ta ined  from t h e  motor tests, 77-44 rubber  
specimens were included i n  each of t h e  motor tests as a con t ro l ,  
V-44 e ros ion  w a s  compared t o  the d a t a  c u r r e n t l y  a v a i l a b l e  so  that any dis-  
t o r t i o n s  caused by t h e  proximity of t h e  h igh  and low Mach number reg ions  w e r e  
i d e n t i f i e d .  The e ros ion  occurr ing  i n  o t h e r  candidate  i n s u l a t i o n  materials 
w a s  compared wi th  V-44 rubber performance, and a t  least comparative informa- 
t i o n  w a s  ava i l ab le .  To achieve  t h i s  material comparison, i t  w a s  necessary  t o  
e s t a b l i s h  an accu ra t e  means of i n spec t ing  pre- and p o s t t e s t  i n s u l a t i o n  specimen 
contours.  Several methods of ob ta in ing  i n s u l a t i o n  contour  measurements w e r e  
i n v e s t i g a t e d  and eva lua ted  f o r  use  on t h e  LMISD Program; t h e  methods i n v e s t i -  
ga ted  are summarized i n  F igure  22. 
t h e  use  of t h e  S h e f f i e l d  CORDAX 300 automat ic  coord ina te  measurement machine, 
However, l i m i t e d  access t o  t h e  a f t  c lo su re  nozz le  en t r ance  s e c t i o n  seve re ly  
r e s t r i c t e d  t h e  use  and accuracy of t h i s  equipment. 
i n spec t ion  methods l e d  t o  t h e  s e l e c t i o n  of a Por tage  l ayou t  machine f o r  m e a s -  
u r ing  i n s u l a t i o n  specimen p r o f i l e s .  The in spec t ion  se tup  f o r  l ayou t  of t h e  
test motor a f t  c lo su re  i n s u l a t i o n  specimen p r o f i l e s  is  shown i n  F igure  23. 
Twenty-two measurements w e r e  made a t  each 45-degree r a d i a l  l oca t ion .  The 
0 degree index w a s  t h e  approximate c e n t e r l i n e  of t h e  V-44 rubber c o n t r o l  
specimen . 
A t  Mach 0 .1 ,  
I n  this way, 
The most accu ra t e  method appeared t o  involve 
Re-evaluation of va r ious  
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V.A. Phase I1 - Material Thermal Tests (cont )  
Only one f a b r i c a t i o n  problem w a s  encountered which a f f e c t e d  t h e  
i n s u l a t i o n  test  motor design.  Fabr i ca t ion  of t he  chamber (P/N 1145905-9) 
involved welding ASTM A36 steel p l a t e  f l anges  t o  each end of a 24-in.-O.D., 
Schedule 40, ASTM A53 seamless steel pipe.  Upon completion of welding p r i o r  
t o  f i n a l  machining, t h e  s u p p l i e r  r epor t ed  t h a t  v i s u a l  and rad iographic  in-  
spec t ion  revealed unacceptable  welds. 
r e p a i r i n g  t h e  e x i s t i n g  chamber o r  f a b r i c a t i n g  another .  The s u p p l i e r  chose 
t o  f a b r i c a t e  a new chamber, and reques ted  permission t o  f a b r i c a t e  t h e  
component from a r o l l e d  forg ing  r a t h e r  than  chance another  weld r e j e c t i o n .  
The forg ing  approach w a s  approved, and, after consu l t a t ion  wi th  s t r u c t u r a l  
a n a l y s i s  personnel ,  ASTM A235 ,  Class C-1 steel w a s  s e l e c t e d .  Hydrotest  of 
t he  completed pressure-vesse l  w a s  success fu l .  
The s u p p l i e r  w a s  given the  opt ion  of 
B. INSULATION TEST MOTOR PROCESSING 
The tes t  motor pressure-vesse l  cap and chamber were i n s u l a t e d  
wi th  0.2-in.-thick cured s h e e t s  of Gen-Gard V-44 rubber;  t h e  s h e e t s  were c u t  
from r e s i d u a l  c y l i n d r i c a l  s e c t i o n  i n s u l a t i o n  from t h e  260-SL-3 motor program 
ANB-3254 p rope l l an t  c a r t r i d g e s  w e r e  i n s u l a t e d  wi th  0.2-in.-thick s h e e t  of 
V-44, then bonded t o  t h e  forward cap. The i n s u l a t e d  chamber w a s  assembled t o  
t h e  loaded cap. Polyethylene s h e e t  w a s  app l i ed  t o  t h e  i n s i d e  su r face  of t h e  
chamber, then the  annulus between t h e  chamber and i n s u l a t e d  p rope l l an t  cart- 
r idges  were f i l l e d  wi th  SD-793 ure thane  p o t t i n g  material. 
s h e e t  served as a release t o  s impl i fy  p o s t t e s t  disassembly. 
The polyethylene 
Processing of i n s u l a t i o n  specimens i n t o  t h e  test motor a f t  c losu re  
presented some processing problems due t o  l i m i t e d  access  and a wide v a r i e t y  of  
material v i s c o s i t y ,  po t  l i f e ,  and cure  temperature c h a r a c t e r i s t i c s .  The cast- 
a b l e ,  sprayable ,  and t rowelable  material specimens w e r e  i n s t a l l e d  i n t o  t h e  
f irst  two c losu res ;  t h e  t h i r d  c losu re  contained most of t he  pressure-cured 
specimens. The method s e l e c t e d  f o r  specimen processing i s  shown i n  F igure  24, 
An IBC-101 plug wi th  e i g h t  p l e x i g l a s s  d i v i d e r s  w a s  i n s t a l l e d  i n  t h e  10-degree 
nozz le  en t rance  s e c t i o n .  Sprayable and c a s t a b l e  materials w e r e  i n j e c t e d  i n t o  
a l t e r n a t e  s e c t i o n s  through a Semco c a r t r i d g e .  Af t e r  cure ,  t h e  plug w a s  
removed and t rowelable  and pressure-cured materials w e r e  i n s t a l l e d .  Because 
t h e r e  w a s  some concern about t h e  e ros ion  resistance o f  RTV-511 and PR-1933, 
t hese  materials w e r e  i n s t a l l e d  i n t o  t h e  a f t  nozz le  s e c t i o n  over a 0.5-in. p l y  
of V-44. 
e ros ion ,  as w a s  experienced i n  t h e  second c losure .  A s  previous ly  mentioned 
i n  Sec t ion  I V  of t h i s  r e p o r t ,  only 6 l b  of Thiokol TI-H704B material were 
received.  A s  a r e s u l t ,  a 1.5-in.-wide by 1.5- in . - thick b a r  w a s  cast and 
cured, then i n s t a l l e d  i n t o  t h e  nozz le  en t rance  s e c t i o n  and po t t ed  i n t o  place 
wi th  IBT-106 t rowelable  i n s u l a t i o n  material. 
This backup p ly  served t o  p r o t e c t  t h e  c l o s u r e  i n  t h e  event  of severe 
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V.B. I n s u l a t i o n  T e s t  Motor Processing (cont )  
TBS-758 and I B C - 1 1 1  material specimens t e s t e d  i n  t h e  second motor 
w e r e  n o t  on t h e  o r i g i n a l  l i s t  of twenty materials. During processing of t h e  
second c losu re ,  a t tempts  t o  bond Dow Corning 93-104 c a s t a b l e  s i l i c o n e  rubber  
material specimen t o  an ad jacent  PR-1933 specimen w e r e  unsuccessful .  S ince  
no o t h e r  specimens had been prepared,  t h e  Aero je t  P r o j e c t  Manager approved 
s u b s t i t u t i o n  of  General Electric TBS-758 s i l i c o n e  rubber  material, s o  t h a t  
t h e  assembly and test schedule  of t h e  second motor would n o t  b e  delayed,  
w a s  discovered later t h a t  t h e  bonding problem w a s  no t  due t o  t h e  DC 93-104 
material, b u t  r a t h e r  t o  t h e  PR-1933; DC 93-104 w a s  t o  be  eva lua ted  i n  t h e  
t h i r d  motor test. 
It 
I B C - 1 1 1  c a s t a b l e ,  PBAN-epoxy material w a s  s u b s t i t u t e d  f o r  c a s t a b l e  
carbon. Af t e r  numerous unsuccessful  a t tempts  t o  process  an  acceptab le  specimen 
i n  t h e  a f t  c losure ,  c a s t a b l e  carbon w a s  e l imina ted  as a candida te  i n s u l a t i o n  
material. 
l e m s  t o t a l l y  undes i rab le  f o r  a l a r g e  motor i n s u l a t i o n  system. 
c a s t a b l e  ve r s ion  of IBT-100, and w a s  developed as an  exit cone l i n e r  f o r  t h e  
M - 1  l i q u i d  engine program. 
except  t h a t  t h e  20% carbon b l ack  and a sbes tos  i n  IBT-100 i s  rep laced  wi th  
R e f r a s i l  (high p u r i t y  si l ica).  IBC-111  has  exh ib i t ed  good e ros ion  r e s i s t a n c e  
i n  t h e  previous test program, and i t s  p o t e n t i a l  w a s  worth eya lua t ing  i n  the  
cu r ren t  program. 
Its very  s h o r t  p o t - l i f e  and cure  hardness  p re sen t  processing prob- 
I B C - 1 1 1  i s  a 
I B C - 1 1 1  formulat ion is  t h e  same as t h a t  f o r  IBT-100, 
C. TEST RESULTS 
The t h r e e  Task I i n s u l a t i o n  test motors, i d e n t i f i e d  as S/N's 1-1, 
1-2, and 1-3, were test f i r e d  on 18 October,  31 October, and 22 November, 
r e spec t ive ly .  An a t tempt  t o  test f i r e  motor S/N 1-3 on 22 November r e s u l t e d  
i n  a 1.9 sec hangf i r e ,  after which t i m e  t h e  motor chamber p re s su re  increased  
ab rup t ly  t o  over  1000 p s i a ,  causing f a i l u r e  of t he  af t  closure-to-chamber b o l t s .  
As w i l l  be  descr ibed  i n  d e t a i l  i n  Sec t ion  Y.D. of t h i s  r e p o r t ,  t he  S/N 1-3 
motor components were r epa i r ed ,  r e h a b i l i t a t e d ,  and reassembled, The motor, 
r e i d e n t i f i e d  as S/N I-3A, w a s  tes t  f i r e d  s u c c e s s f u l l y  on 20 December 1968. 
The fol lowing is a summary of t h e  i n s u l a t i o n  material specimens 
t e s t e d  i n  each motor: 
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Motor S/N 1-1 Motor S/N 1-2 Motor S/N I-3A 







IBT-106 RTV-5 11 USR 3800 
IBC-101 IBC- 111 USR 3804 
IBS-107 Avcoat I1 TI-H704B/V-61 
IBS-108 PR 1933 4011 
IBS-109 TBS-758 Avcoa t 802 1 
The specimen l o c a t i o n s  f o r  each motor are shown i n  F igures  25, 26, and 27, 
The pressure-vs-time performance curves are shown i n  F igures  2 8 ,  
29, and 30. The fol lowing i s  a summary of motor performance: 
S / N  1-1 S/N 1-2 S/N 1-3 S/N I-3A 
Web Average Pressure ,  p s i a  640 641 1 .9  sec 634 
Maximum Pressure ,  p s i a  6 80 668 Hangf i r e  662 
Web Duration, sec 17.6 1 7 . 7  Closure 17.6 
Ejec ted  
The 1128714-1, ANB-3254 p r o p e l l a n t  c a r t r i d g e s  were c a s t  from ba tch  B-473 
during 260-SL-3 motor p rope l l an t  product ion a t  the  Aerojet-Dade Div is ion ,  
Homestead, F lor ida .  Liquid s t r a n d  burning r a t e  f o r  p r o p e l h n t  ba tch  B-473 
w a s  0.692 i n . / s e c  a t  600 p s i a ;  t h e  burning rate and exponent s p e c i f i e d  by 
NASA-LeRC f o r  use  i n  the  LMISD Program w a s  0.692 i n . / s e c  a t  600 p s i a  and 
0.35, r e spec t ive ly .  The r epor t ed  ANB-3254 burning ra te  f o r  Motor 260-SL-3 
w a s  0,729 i n . / s e c  a t  600 ps i a .  The 0.73 i n . / s e c  burning rate apparent ly  
appl ied  t o  ba tch  B-473, as evidenced by t h e  h igher  than  p red ic t ed  web average 
p res su res  and s h o r t e r  web burning dura t ions .  
The f i r e d  motors were re tu rned  t o  the  process ing  area, disassembled, 
and v i s u a l l y  inspec ted .  
approximately 0 . 1  i n . ;  r e s i d u a l  char  th ickness  on t h e  IBS-107 specimen w a s  
approximately 0.13 t o  0.20-in., very s i m i l a r  t o  V-61 charr ing.  Unusual e ros ion  
and char r ing  p a t t e r n s  w e r e  ev ident  i n  the  PR 1933 and TBS-758 specimens. Also, 
an unusual e ros ion  p a t t e r n  w a s  experienced by the  Avcoat 8021 specimen i n  t h e  
Motor S/N I-3A. The Avcoat 8021 specimen w a s  prepared by bonding two 0.25-in.- 
t h i c k  cured s h e e t s  t oge the r  wi th  Epon 921. A 2-in,- thick by 1-in.-wide block 
Char th ickness  on a l l  specimens except  IBS-107 w a s  
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w a s  c u t  from t h e  material and bonded i n t o  t h e  motor a f t  c losu re ;  w a s  
troweled around t h e  specimen as shown previous ly  i n  F igure  27. 921  
bond l i n e  between t h e  two 0.25-in.-thick p l i e s  w a s  o r i e n t e d  perpendicular  t o  
the  c l o s u r e  s h e l l  and e s s e n t i a l l y  parallel t o  t h e  c l o s u r e  cen te r  l i n e .  A s  
shown i n  the  fol lowing ske tch ,  severe e ros ion  occurred i n  t h e  bond l i n e ,  thus 
nega t ing  any meaningful performance data .  
T 
Cross Sec t ion  of Avcoat 8021 Specimen 
Following v i s u a l  i n spec t ion ,  t h e  char w a s  removed from t h e  specimens 
and p o s t t e s t  p r o f i l e s  w e r e  measured. 
Pre- and p o s t t e s t  specimen p r o f i l e s  f o r  each motor are summarized 
i n  F igures  31, 32, and 33. Ind iv idua l  specimen p r o f i l e s  f o r  each material f n  
each motor are presented  i n  Appendix 111. A s  prev ious ly  noted,  t h e  o b j e c t i v e  
of t h e  Phase I1 motor tests w a s  to  o b t a i n  i n s u l a t i o n  material performance d a t a  
f o r  each of t h e  materials relative t o  V - 4 4  and re la t ive t o  each o t h e r .  
material th i ckness  l o s s  rates ve r sus  area r a t i o  o r  gas  f low Mach number were 
no t  p o s s i b l e  because of t h e  s i g n i f i c a n t ,  non-l inear  v a r i a t i o n  i n  t h e  area r a t i o  
over  t h e  1 7  sec burning dura t ion .  The p r o f i l e  summaries of F igures  31, 32 
and 33 were prepared by us ing  the  V - 4 4  specimen pretest p r o f i l e  as t h e  i n i t i a l  
su r f ace ;  then each material e ros ion  p r o f i l e  w a s  p l o t t e d  relative t o  t h e  V - 4 4  
s u r f  ace. 
S p e c i f i c  
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Using t h e  pre- and p o s t t e s t  p r o f i l e s  recorded i n  Appendix 111, 
each material th ickness  l o s s  w a s  measured a t  t h e  22 s p e c i f i e d  l o c a t i o n s  normal 
t o  t h e  specimen su r face .  The i n i t i a l  area r a t i o  (A/A*) and i n i t i a l  Mach number 
a t  each of t h e  22 l o c a t i o n s  i n  each c l o s u r e  w e r e  ca l cu la t ed  from the  recorded 
p r o f i l e s .  Thickness l o s s  rates were ca l cu la t ed  by d iv id ing  t h e  measured thick-  
ness  l o s s  a t  each l o c a t i o n  by t h e  web burning du ra t ion  f o r  each motor. I n i t i a l  
area r a t i o s ,  i n i t i a l  Mach numbers a t  t h e  specimen s u r f a c e ,  th ickness  l o s s e s ,  
and ca l cu la t ed  th ickness  l o s s  rates are summarized i n  F igures  34, 35, and 36. 
Again, i n  an  e f f o r t  t o  compare v i s u a l l y  t h e  relative e ros ion  resis- 
tances  of t h e  candida te  materials, t h e  measured th i ckness  l o s s  rates are p l o t t e d  
as a func t ion  of t h e  i n i t i a l  Mach number a t  t h e  specimen s u r f a c e  f o r  each motor 
i n  Figures  37, 38, and 39. These graphs are n o t  in tended  as a material design 
guide,  b u t  only t o  show t h e  relative performance of each specimen, and w e r e  
prepared by p l o t t i n g  t h e  TLR-vs-Mach number d a t a  summarized i n  F igures  34, 35, 
and 36, then drawing t h e  most r e p r e s e n t a t i v e  l i n e  through t h e  d a t a  p o i n t s  f o r  
each material. Material performance relative t o  Y-44 are summarized as fo l lows:  
1. USR 3800 11. USR-3804 
2. Orco 9250 
3. V-61 
1 2 .  40SD-80 
13.  IBC-101 
4.  IBT-100 1 4 .  TI-H704B 
5. IBS-107 
6. I B C - 1 1 1  
7. IBT-106 
8. V-44 (Control)  
9. IBS-109 
10. 4011 
D. MOTOR S/N 1-3 MALFUNCTION 
1. Performance Analysis  
15. IBS-108 
16. Avcoat I1 
17,  RTY-511 
18. PR 1933 
19,  TBS-758 
Avcoat 8021 - No meaningful 
data .  93-104 and Cas tab le  
Carbon - Not t e s t ed .  
An a t tempt  t o  test  f i r e  Motor S/N 1-3 on 22 November 1968 
r e s u l t e d  i n  a 1.9 sec hangf i r e ,  a f t e r  which t i m e  t h e  motor chamber p re s su re  
increased  ab rup t ly  t o  over  1000 ps i a .  
j o i n t  b o l t s  f a i l e d ,  and t h e  c l o s u r e  and burning p r o p e l l a n t  c a r t r i d g e  w e r e  
e j ec t ed .  
The nu t s  on t h e  48  a f t  closure-to-chamber 
The i n s u l a t e d  chamber and forward cap w e r e  undamaged; b o l t s  i n  t h e  
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cap-to-chamber j o i n t  had y i e lded  and were loose  a f t e r  t h e  test. The i n s u l a t e d  
a f t  c lo su re  impacted on a revetment approximately 35 feet w e s t  of t h e  W-1  test 
s tand .  
circumference of t he  25-in.-dia f l ange ,  s u b s t a n t i a l  unbonding of DC93-104 
specimen, and some s u p e r f i c i a l  gouges i n  t h e  forward f a c e  of several i n s u l a t i o n  
specimens, 
Damage t o  t h e  c l o s u r e  included a 3.0-in.-long depress ion  on t h e  o u t e r  
A pressure-vs-time performance curve f o r  Motor S / N  1-3 is  
shown i n  F igure  40. 
a t t a i n i n g  a maximum pres su re  of 158 p s i a  a t  0.08 sec. 
p res su re  of a 300 gram boron-potassium n i t r a t e  p e l l e t  i g n i t e r  f i r e d  i n  t h i s  
test  motor free-volume is 152 ps i a .  
than t h e  design requirements ,  shown as fol lows:  
The i g n i t e r  func t ioned  normally f o r  approximately 0.2 sec, 
The ca l cu la t ed  maximum 
The LMISD i g n i t e r  ou tput  i s  much g r e a t e r  
Character  i s  t i c s  LMISD I g n i t e r  Design Requirements 
Induced Pressure ,  p s i a  15 8 20, minimum 
1480 70, minimum Heat-flux, cal/cm -sec 
312 40, minimum To ta l  a v a i l a b l e  energy, cal/cm 
2 
2 
It i s  evident  t h a t  t he  i g n i t e r  used i n  Motor S / N  1-3 func t ioned  as designed 
and de l ive red  s u f f i c i e n t  energy f o r  p rope l l an t  i g n i t i o n .  This  conclusion can 
be  s u b s t a n t i a t e d  f u r t h e r  by the  f a s t ,  reproducib le ,  i g n i t i o n  performance 
observed i n  Motors S / N  1-1 and 1-2, and subsequent ly  i n  Motor S/N I-3A. 
Having concluded t h a t  i g n i t e r  performance w a s  n o t  t h e  cause 
of the  hangf i r e ,  t h e  nex t  l o g i c a l  suspec t  area w a s  t h e  exposed p rope l l an t  g r a i n  
sur face .  Two p o s s i b i l i t i e s  ex is t ;  e i t h e r  t h e  p r o p e l l a n t  s u r f a c e  w a s  contaminated 
o r  t h e  p rope l l an t  c a r t r i d g e  w a s  i n s t a l l e d  s o  t h a t  t h e  r e s t r i c t e d  f a c e  r a t h e r  than 
t h e  p rope l l an t  face w a s  exposed. 
A s  previous ly  s t a t e d ,  t h e  test motor cap and chamber were 
undamaged; t h e  only r e h a b i l i t a t i o n  r equ i r ed  w a s  replacement of t h e  48 b o l t s  
and nu t s .  Major s e c t i o n s  of t h e  c a r t r i d g e  p l a s t i c  sleeve and i n s u l a t i o n  w e r e  
found i n  t h e  v i c i n i t y  of t he  test bay. The most s i g n i f i c a n t  i t e m  found w a s  t h e  
0.25-in.-thick, SD850-2 p rope l l an t  face r e s t r i c t o r .  The r e s t r i c t o r  (17-in.-dia) 
w a s  i n  one p iece ,  and w a s  charred on both  s i d e s .  The f a c t  t h a t  t h i s  p r o p e l l a n t -  
r e s t r i c t i o n  w a s  found o u t s i d e  of t h e  motor and e s s e n t i a l l y  i n t a c t  i nd ica t ed  
t h a t  t h e  p r o p e l l a n t  c a r t r i d g e  e i t h e r  w a s  improperly bonded o r  w a s  improperly 
i n s t a l l e d .  
Close in spec t ion  of t h e  a f t  c losu re  after c leaning  revea led  a 
17-in.-dia inden ta t ion  i n  t h e  i n s u l a t i o n .  The f u l l  diameter i nden ta t ion  w a s  
0.06 t o  O.l2-in.-deep, depending upon t h e  material specimen hardness.  
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Apparently the  17.5-in.-O.D. p r o p e l l a n t  c a r t r i d g e  w a s  unbonded. A s  pres su re  
b u i l t  up a t  t h e  forward end, most l i k e l y  due t o  burning a t  t h e  forward f a c e ,  
t h e  c a r t r i d g e  w a s  forced  a t  h igh  p res su re  a g a i n s t  t h e  a f t  c lo su re  i n s u l a t i o n ,  
thus causing t h e  inden ta t ion .  
I n  summary, the  fol lowing facts  are known: 
- t h e  i g n i t e r  func t ioned  as designed. 
I t h e  230,000 p s i / s e c  ra te  of p re s su re  rise w a s  caused by unplanned 
exposure of a d d i t i o n a l  p r o p e l l a n t  burning s u r f a c e  (-130 i n .  2>  a 
temporar i ly  plugged nozzle ,  o r  a temporary plugged p res su re  tap.  
- t h e  17.5-in.-dia inden ta t ion  i n  the  af t  c losu re  i n s u l a t i o n ,  
e j e c t i o n  of t h e  p r o p e l l a n t  c a r t r i d g e ,  and recovery of t h e  
r e s t r i c t o r  i nd ica t ed  an  inadequate  o r  non-exis tent  bond 
e x i s t e d  between the  p r o p e l l a n t  c a r t r i d g e  and t h e  forward cap. 
The S/N 1-3 malfunct ion apparent ly  w a s  caused i n  i n c o r r e c t  i n s t a l l a t i o n  of 
t h e  p rope l l an t  c a r t r i d g e .  
2. Remedial Action 
The f i r e d  motor w a s  r e tu rned  t o  t h e  processing area f o r  d i s -  
assembly and f u r t h e r  inspec t ion .  Only minor clean-up of t h e  i n s u l a t e d  cap 
and chamber w a s  requi red .  The a f t  c lo su re  w a s  c leaned and dimensionally 
inspected.  Inspec t ion  r e s u l t s  showed t h a t  t he  forward f l a n g e  f l a t n e s s  and 
roundness w e r e  w i t h i n  o r i g i n a l  design to le rance .  The fol lowing a c t i o n  w a s  
taken t o  repair  and r e h a b i l i t a t e  the  a f t  c losure :  
- r e p a i r  machining included removal of n o t  more than 0.06 i n .  of 
material from t h e  24-in.-dia forward f l a n g e  f a c e  t o  remove 
s u r f a c e  i r r e g u l a r i t i e s  r e s u l t i n g  from t h e  impact and t o  o b t a i n  
t h e  o r i g i n a l  1 2 5  f i n i s h  f o r  an O-ring seal. 
- t h e  e x t e r i o r  s u r f a c e  w a s  magnetic p a r t i c l e  inspec ted ;  no d e f e c t s  
w e r e  found. 
- damaged o r  unbonded i n s u l a t i o n  specimens were r epa i r ed ;  t h i s  
included r ep lac ing  t h e  unbonded 93-104 specimen wi th  IBT-100, 
removing damaged i n s u l a t i o n  a t  t h e  forward f a c e  of t h e  c l o s u r e  
and r ep lac ing  wi th  IBT-100, and r ep lac ing  damaged material and 
s u p e r f i c i a l  s u r f a c e  depress ions  wi th  new material. 
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Severa l  changes t o  t h e  motor processing procedures w e r e  made. F i r s t ,  100% 
p r o j e c t  s u r v e i l l a n c e  of a l l  processing ope ra t ions  were i n i t i a t e d .  Second, t h e  
c a r t r i d g e  p r o p e l l a n t  s u r f a c e  w a s  scaped p r i o r  t o  f i n a l  assembly t o  remove any 
fo re ign  material, g laze ,  o r  f u e l  r i c h  material. L a s t ,  only 3.0-in. of SD-793 
urethane p o t t i n g  w e r e  i n s t a l l e d .  The r e h a b i l i t a t e d  motor w a s  i d e n t i f i e d  as 
S/N I-3A. 
V I .  PHASE I11 - PRELIMINARY EVALUATIONS 
The o b j e c t i v e  of t h e  pre l iminary  eva lua t ion  phase of Task I w a s  t o  
review t h e  d a t a  obtained,  and, on t h e  b a s i s  of t h i s  d a t a ,  select twelve 
materials, inc luding  V-61 and V-44 con t ro l s ,  f o r  f u r t h e r  eva lua t ion  i n  
Tasks 11 and 111. The s e l e c t e d  twelve materials were t o  inc lude  no less than  
two materials each from t h e  t rowelable ,  c a s t a b l e ,  and sprayable  groups. 
A summary l i s t i n g  t h e  material i n  t h e i r  relative s tanding  f o r  perform- 
ance ( e ros ion ) ,  c o s t ,  dens i ty ,  thermal p r o p e r t i e s ,  and mois ture  absorp t ion  is  
presented i n  Figure 41. F igure  4 1  a l s o  shows t h e  materials which are acceptab le ,  
marginal,  o r  unacceptable  wi th  regard t o  mechanical p r o p e r t i e s ,  ambient pot  l i f e ,  
and bond l i n e  t e n s i l e / s h e a r  s t r eng ths .  Independent t rade-off  eva lua t ions  were 
made by personnel  from Department 0720, Material Technology, Department 3810, 
P rope l l an t  Development, and t h e  P r o j e c t  Manager. The ind iv idua l  material 
r a t i n g s ,  summarized i n  Figure 42, w e r e  based on t h e  fol lowing c h a r a c t e r i s t i c s :  
Cha rac t e r i s  t i c  
Approximate S i g n i f i c a n t  
Weight, % 
Performance ( t e s t  motors) 20 
Cost ( r a w  material, processing)  25 
Compatibi l i ty  wi th  p rope l l an t ,  l iner and 
motor case steel 10 
Phys ica l  p r o p e r t i e s  10 
Mechanical p r o p e r t i e s  10 
Chemical p r o p e r t i e s  10 
Adhesive p r o p e r t i e s  10 
5 
100 
Ease of repair / removal  -
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Materials recommended and approved f o r  f u r t h e r  eva lua t ion  i n  Tasks I1 and I11 
are shown i n  F igure  43. 
The s i l i c o n e  rubber  materials, 93-104, RTV-511, PR 1933, w e r e  e l imina ted  
from f u r t h e r  cons ide ra t ion  because of t h e i r  poor relative e ros ion  r e s i s t a n c e  
and t h e i r  poor bonding c h a r a c t e r i s t i c s ,  p a r t i c u l a r l y  wi th  SD850-2 l i n e r .  An 
unacceptable,  s h o r t  ambient po t  l i f e  w a s  t h e  reason f o r  e l imina t ing  V-61 and 
V-4011 from f u r t h e r  eva lua t ion ;  V-4011 a l s o  exh ib i t ed  poor bond s t r e n g t h  
c h a r a c t e r i s t i c s  w i th  SD850-2 l i n e r .  It w a s  i n t e r e s t i n g  t o  n o t e  t h a t  t he  fore-  
going materials (93-104, RTV-511, PR1933, V-61, and V-4011) a l s o  w e r e  t he  
h ighe r  c o s t  materials, as shown i n  Figure 41, Sheet  1, Column 2. Cas tab le  
carbon w a s  e l imina ted  earlier i n  t h e  program because an acceptab le  specimen 
could no t  be  i n s t a l l e d  i n t o  t h e  test motor c losure .  Processing complexity 
c e r t a i n l y  p roh ib i t ed  t h e  use  of c a s t a b l e  carbon as a l a r g e  motor i n s u l a t o r .  
El iminat ion of t h e  foregoing materials l e f t  t h i r t e e n  materials, p lus  
V-44, a v a i l a b l e  f o r  s e l e c t i o n .  Pressure-cured materials, USR 3800, USR 3804, 
and O r c Q  9250 a l l  exh ib i t ed  good e ros ion  r e s i s t a n c e ,  reasonable  c o s t ,  and good 
thermal p rope r t i e s .  USR 3800 w a s  s e l e c t e d  as t h e  b e s t  low cos t  pressure-cured 
material. Orco 9250 w a s  t he  a l t e r n a t i v e  material i n  the  event  t h a t  USR 3800 w a s  
unavai lable .  Only t h r e e  t rowelable  materials were a v a i l a b l e ;  IBT-100, IBT-106, 
and TI-H704B. IBT-100 and IBT-106 each r a t e d  high i n  a l l  c h a r a c t e r i s t i c s  eval- 
uated.  Although i ts  e ros ion  performance w a s  poorer  than  t h a t  of t h e  V-44 
con t ro l ,  TI-H704B exh ib i t ed  s a t i s f a c t o r y  p r o p e r t i e s  i n  o t h e r  ca t egor i e s  t o  
warrant  i ts  eva lua t ion  i n  Tasks I1 and 111. Four c a s t a b l e  materials w e r e  
ava i l ab le :  IBC-101, I B C - 1 1 1 ,  40SD-80 and Avcoat 8021. I B C - 1 1 1 ,  a replacement 
material f o r  c a s t a b l e  carbon, w a s  n o t  included i n  t h e  o r i g i n a l  twenty materials 
approved f o r  Task I eva lua t ion ;  as a r e s u l t ,  thermal proper ty  d a t a  w e r e  n o t  
obtained. However, a good performance re la t ive low c o s t ,  and p r o p e r t i e s  
s i m i l a r i t y  t o  IBC-101 ind ica t ed  I B C - 1 1 1  w a s  worth f u r t h e r  eva lua t ion .  Avcoat 
8021 w a s  n o t  s e l e c t e d  because the  s u p p l i e r  would no t  f u r n i s h  t h e  material i n  t h e  
uncured condi t ion  as would be  requi red  f o r  t he  Task I1 demonstration. 
a b l e  materials s e l e c t e d  w e r e  IBS-107, IBS-109, and Avcoat 11. IBS-108 w a s  no t  
s e l e c t e d  because of i t s  c l o s e  chemical s i m i l a r i t y  t o  IBS-109. Avcoat I1 exh ib i t ed  
only f a i r  e ros ion  performance, b u t  showed good dens i ty  and thermal p r o p e r t i e s  at 
r e l a t i v e l y  low c o s t  . 
The spray- 
F igure  44 i s  a b r i e f  Task I1 and I11 material demonstration and perform- 
ance eva lua t ion  plan.  V-44 w i l l  be  included as a c o n t r o l  i n  each of t he  f i v e  
motor tests, b u t  w i l l  no t  be demonstrated i n  Task 11. USR-3800, which r a t e d  
high i n  performance, c o s t ,  and thermal p r o p e r t i e s ,  w i l l  be  eva lua ted  i n  one of 
t h e  Task I11 motor tests, b u t  as a pressure-cured material, w i l l  n o t  be demon- 
s t r a t e d  i n  Task 11. 
Page 25 
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V I .  Phase I11 - Preliminary Evaluatio 
I B C - 1 1 1 ,  I B C - 1 0 1 ,  and 4 0 S D - 8  
slivers for Motor 260-SL-3 .  
I B S - 1 0 7  and I B S - 1 0 9  w i l l  be tes ted  i n  Task I11 and w i l l  b e  demonstrated 
for both s i d e w a l l  and propellant boot applications in  Task 11. Avcoat I1 w i l l  
be  tes ted  i n  Task I11 and demonstrated i n  Task I1 as a sidewall insulator. 
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A E R O J E T  - G E N E R A L  C O R P O R A T I O N  
S A C R A M E N T O  ~ . A L I ~  O H N I A  
SACRAMENTO PLANT 
Gentlemen: 
The Aerojet-General Corporation has recently been awarded a contract 
entitled "Development of Cost-Optimized Insulation System for IJse in Large 
Solid Rocket Motors", Contract NAS 3-11224. The initial phase of this con- 
tract is to conduct a literature and supplier survey to investigate potential 
candidate insulation materials applicable to large solid propellant motor 
cases. We would like to receive up-to-date information on the availability, 
cost and properties of your 
selected as tentative candidate(s) for evaluation in this program and also on 
material( s )  , 
other materials you may have that are suitable for this application. In order 
to evaluate the applicability of the available insulation materials, NASA has 
submitted the following directives as a guideline: 
1. Material Categories 
The types of materials to be considered include the following 
categories: 
a. Chemical Groups 
(1) Synthetic rubber and SR/filler combinations. 
(2) Phenolic/filler, phenolic/NR/filler , and phenolic/ 
SR/filler combinations 
b. Physical Groups 
(1) Pressure cured components secondarily bonded into place. 
(2) Ambient or vacuum cast components secondarily bonded 
into place. 
( 3 )  Room or elevated temperature cured materials trowc1t.d 
or cast into place. 
(4) Room or elevated temperature cured materials sprayed 
into place. 
Sample Letter Distributed to Insulation Suppliers 
Figure 3,  Sheet 1 of 3 
A S U B S I D I A R Y  O F  T W E  G E N E R A L  T I R E  e R V E I U E H  C O M P A N Y  
NASA CR-72581 
Primary emphasis 
castable, and sprayable 
at the motor processing 
is to be placed on the investigation of trowelable, 
materials, preferably materials that can be procvssed 
facility. 
2. Material Requirements 
The specific requirements imposed on the insulation materials are 
as follows: 
a. The material must have no unreliable usage history in 
solid rocket motors. 
b. The supplier must be able to manufacture the materials 
in quantities necessary for large solid motor applications 
without extensive facility modifications. Assumed motor 
production rates shall be four units per year. 
c, Tne supplier's quality control capability must be adequatt. 
for the intended use of the material. 
On the basis of the assumed motor production rate of four units pcr year, 
it is estimated that as much as 25,000 lbs of material may be required pcr  
quarter year with a total of 100,000 lbs per year providing a single matctrial 
is selected for  insulation of all parts of the motor case. Ilowever, materials 
available in smaller quantities also will be considered as one material may be 
selected for insulation of the sidewall, another material for insulation of thc 
forward and aft end of the motor case and a third material for the boots. 
The selection of candidate materials of the various categories, as outlined 
in the NASA directive, will be based on a number of factors of diffcrcnt signi- 
ficance values. The essential data to be considPred are as follows: 
Availability: 100,000 lbs per year (25,000 lbs per 3 months) 
25,000 lbs per year (5,000 lbs per 3 months) 
10,000 l b s  per year (2,000 lbs per 3 months) 
Delivery Time: Weeks, Days 
Raw Material Cost: $/lb for quantities 25,000; 5 ,000 ;  2,000; 200 l b s .  
Processing Characteristics: Curing condition (time, temperature, pressurts)  
Also, viscosity and potlife for the castablc, 
trowelable and sprayable materials. 
Mechanical Properties: Tensile strength, elongation, modulus, hardness. 
Pbysical Properties: Density, thermal conductivity, specific heat, watcr 
absorption, 
Bonding to Motor Primer-adhesive system recommended, shear and 
Case and other peel strength data. 
Sample Letter D i s t r i b u t e d  t o  I n s u l a t i o n  Supp l i e r s  
F igure  3 ,  Sheet 2 of 3 
NASA CR-72581 
Ablat ive P rope r t i e s :  Abla t ion  and e ros ion  ra tes  i n  oxyacetylene to rch  
and plasma arc tests, subsca le  and/or f u l l  scale 
motor evaluat ions.  
Use History:  Rocket motors i n  which the  material is or has been used 
or evaluated.  (Reference t o  r e p o r t s . )  
We would apprec i a t e  r ece iv ing  d a t a  on your m a t e r i a l s  as o u t l i n e d  i n  
t h e  d i r e c t i v e s ,  as much of t h e  property data as are c u r r e n t l y  a v a i l a b l e ,  and 
o t h e r  information t h a t  may be of s ign i f i cance ,  as soon as poss ib l e  and no later 
than  June 5,  1968. Test  methods should be included along with t h e  property 
da ta .  The materials a r e  t o  be i d e n t i f i e d  by t r ade  name or des igna t ion ,  basic 
binder  s t r u c t u r e  and bas i c  f i l l e r  ingredien t (s1 .  Applicable  s p e c i f i c a t i o n s  
a l s o  should be l i s t e d .  
AEROJET-GENERAL CORPORATION 
P.O. Box 15847 
Sacramento, C a l i f o r n i a  95813 
A. A. Stenersen 
Dept. 0726/Bldg. 2015 
Telephone: 355-6061, Area Codc 416 
k’.&# 5&u- 
Sample Letter Di s t r ibu ted  t o  I n s u l a t i o n  Supp l i e r s  
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Pressure-Cured class (4 Materials) 
Gen-Gard V-44 (Control) 
Orco 9250 
USR 3804 






- Castable (5 Materials) 
IBC - 101 
40 SD-80 





Sprayable (5 Materials) 
IBS-107 
1x3-108 
General Tire & Rubber Co. 
Ohio Rubber Co. 
Uniroyal, Inc . 
Uniroyal, Inc . 
General Tire & Rubber Co. 
Aerojet-General Corp. 
Aero jet-General Corp . 
Lockheed Propulsion Co. 
Thiokol Chemical Corp. 
General Tire & Rubber Co. 
Aero jet-General Corp. 
American Poly-Therm Co, 
Atlantic Research Corp. 
General Electric Corp. 
AVCO Con. 




L i s t  o f  20 Insulatim Materials Selected 
for  EvaluatFon in Task I 







Products Research & Chem. Corp. 
A Material could not be procured at acceptable cost to program; E-93-104 
A Could not be processed into tesk motor aft closure; IBC-111 used in 
used in place of VL-44. 
place of castable carbon. 
Of Materials Selected 
n i n  Task I 


















































Available; residual from 260-SL-3 
Free Samples; 35 lb 
Free Sample; 35 l b  
Available; residual from 260-S~-3 program 
Raw material; $0.65/ib 
Raw material; $0.60/1b 
Procurement cancelled 
Free Sample; 6 l b  
Free Sample; 25 l b  
Raw material available; $0.67/lb 
Raw material available 
Purchase Order G635512; $135 for  30 l b  o r  $4.50;/1b 
Purchase Order G635625; $115 for 25 l b  or $4.60/lb 
Purchase Order G635367; $144 for  24 l b  or $5.10/lb 
Purchase Order G 104219; $170 for 20 l b  o r  $8.50/1b 
Free Sample; 20 l b  
Raw material available ; $1.62/1b 
Raw material available; $0.73/1b 
Raw material available; $0.72/lb 
Purchase Order ~636021; $74.50 for 26.5 l b  or $2.79/1b 
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USR 3804 
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Tkermogravimetric Analysis  of I n s u l a t i o n  M a t e r i a l s  
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M E M O R A N D U M  
D.  2 .  Nachbar 10 June 1968 
J ,  M. Kovacs 20198:3252:807 
Prel iminary S t r e s s  Analysis  of LMISD Test Motor 
E. P. Eales, R .  D.  Entz, R. Knapp, F i l e  
JMK:wj s 
(1) Deta i led  Stress Calcula t ions  
A pre l iminary  s t r u c t u r a l  eva lua t ion  of t h e  LMISD test motor 
primary components-has been kompleted f o r  a design p res su re  of 720 p s i ,  approxi- 
mately 115% of MEOP, wi th  r e s u l t s  shown i n  t h e  t a b l e  below. 
of s a f e t y  should no t  be of concern, s i n c e  they are based upon conserva t ive  ana- 
l y t i c a l  methods used t o  s impl i fy  t h e  stress c a l c u l a t i o n s .  
The small margins 
TABLE OF MINIMUM MARGINS OF SAFETY 
(Design Pressure  of 720 p s i )  
Margin of 
C omp onen t Stress Allowable Mode - Safe ty  
Cover P l a t e  16,600 36,000 Bending 1.15 
B o l t  18 , 000 ( l b )  20,800 ( l b )  Tens ion  0.165 
Chamber 8,136 36 , 000 Tension 3.20 
Nozzle Housing 30,170 36,000 Bending 0.20 
Asbestos Phenol ic  282 5,400 Shear Large 
Calculated Stress 
Allowable MS = -1 
P e r  your r eques t ,  no thermal stress a n a l y s i s  of t h e  g r a p h i t e  i n s e r t  was pe r -  
formed. A s i m p l i f i e d  h e a t  t r a n s f e r  a n a l y s i s  performed by t h e  Aerophysics 
Department showed t h e  a sbes tos  phenol ic /graphi te  i n t e r f a c e  t o  reach about 
800°F, with t h e  steel  s h e l l  remaining a t  ambient f o r  t h e  20 second dura t ion .  
A nominal b o l t  torque w i l l  be  adequate t o  prevent  leakage of 
t h e  l a r g e  diameter  chamber j o i n t s ,  maximum s e p a r a t i o n  conserva t ive ly  est imated 
a t  less than 0.012 inches  a t  t h e  0-Ring seal. 
Approved by: 
J .  M. Kovacs 
Engineering S p e c i a l i s t  
SRO Stress Group 
Propuls ion Div is ion  
R. D.  Entz,  Manager 
SRO Stress Group 
Propuls ion Div is ion  
S t r e s s  Analysis  of LMISD T e s t  Motor 




3 .  Cast 
4. CORDAX 300 
5. Portage Layout 
Machine 
Accuracy good. 
film and great care i n  interpretation. Film 
provides picture of material cross-section. 
Requires precise placement of 
Accuracy fair t o  good. 
and micrometer i n  conjuction with template. 
Method is simple. 
Requires fee le r  gage 
Accuracy good. Requires care i n  placement of 
casting dams. Good deal of handling. Method 
involved. 
Accuracy excellent. Method re la t ive  simple. 
No interpretat ion o r  reading reqaired of  operator. 
Data i s  printed-out by machine. 
Accuracy good. Method simple, but requires 
repeatable set-up and reading by operator. 
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Thickness Loss Rate-vs-Initial Mach Number, Motor S/N 1-1 
Figure  37 
NASA CR-72581 
Thickness Loss Rate-vs-Initial Mach Number, Hotor S/N 1-2 
Figure 38 
NASA CR-72581 
Thickness Loss Rate-vs-Initial Mach Number, Motor S/N I-3A 
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F i g u r e  41, Sheet 2 of 2 
NASA CR-72581 
Department 3800 Department 0720 
Propel. Development, Li e 5 Material Technolo 




I B C - 1 1 1  
TBS-107 
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I B C - 1 1 1  





















1 1 2  
120 
130 
E l imina  t ed 
A Rating based on 10 p o i n t s  f o r  b e s t  material i n  each category considered 
m u l t i p l i e d  by t h e  weighting f a c t o r .  
Rating based on relative s t and ing  of each material i n  each category 
ccms idered .  
Summary of Material Rat ings  
F igu re  42 
NASA CR-72581 
Pressure-Cured Class 
Gen-Gard V-44 (Control)  





Cas tab le  Class 
I B  C-10 1 








A Orco 9250 
A Avcoat 8021 
Suppl ie r  
General  T i r e  & Rubber Co. 
Uniroyal,  I n c  . 
Aero j e t-General Corp. 
Aerojet-General Corp. 




American Poly-Therm Co 
Aero j et-General Corp . 
Aerojet-General Corp. 
Avco Corp, 
Ohio qubber Co. 
Avco Corp. 
Orco 9250 w a s  t h e  back-up material f o r  USR-3800 
A Avcoat 8021 w a s  t h e  back-up material f o r  TI-H704B 
Recommended Materials f o r  Fur the r  
Evalua t ion  i n  Tasks I1 and I11 
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TEST PROCEDURES FOR 
MATER I A L  PROPERTY MEASUREMENTS 
NASA CR-72581, Appendix I 
I. COMPOSITE TENSILE STRENGTH AND MODULUS 
The mechanical p r o p e r t i e s  of each of t h e  20 materials t o  be  screened 
were eva lua ted  us ing  s tandard  JANAF dumbbell specimens t e s t e d  on an I n s t r o n  
machine according t o  AGC Method 3431. 
c u t t i n g  from a nominal 0.5-in.-thick p i ece  of i n s u l a t i o n  material. 
case of t h e  castable-sprayable- t rowelable  materials, t h e  specimens were pre- 
pared by c a s t i n g  i n t o  I n s t r o n  b a r  molds o r  i n t o  0.5-in.-thick s l a b s  from 
which the  b a r s  were cut .  T r i p l i c a t e  specimens were t e s t e d  a t  a s t r a i n  rate 
of 2.0 ia./min. 
The specimens were prepared by die- 
I n  the  
11. DENSITY 
!The dens i ty  of i n s u l a t i o n  materials a t  100, 200, and 3OO0F were 
measured by t h e  l i q u i d  displacement method. 
t h a t  remains s t a b l e  a t  500'F was used as t h e  displacement f l u i d .  
apparatus  w a s  cons t ruc ted  t o  permit  t h e  hea ted  sample t o  be weighed i n  a i r ;  
then the  sample w a s  t r a n s f e r r e d  and immersed i n  hea ted  Dow Corning 710 f l u i d  
where i t  w a s  weighed again.  The volume and weight of t h e  test sample were 
obtained a t  t h e  d e s i r e d  test temperature;  material dens i ty  w a s  c a l c u l a t e d  
from t h i s  da t a .  
A Dow Corning 710 s i l i c o n e  l i q u i d  
The test  
111. POT LIFE AND VISCOSITY 
The po t  l i f e  and v i s c o s i t y  of t h e  h ighly  v iscous  t rowelable  materials 
Samples w e r e  loaded i n t o  a temperature-control led 
were determined from t ime-viscosi ty  curves  us ing  t h e  ex t rus ion  tube rheometer 
designed by Aerojet .  
r e s e r v o i r  and pressur ized  t o  produce v e r t i c a l  flow through a thermostated 
d ischarge  tube.  
i n s i d e  diameters  v a r i e d  from 0.131 t o  0.683 i n .  Measurements made by using 
t h i s  equipment and a s tandard  c a l i b r a t i n g  f l u i d  showed t h a t  n e i t h e r  complex 
opera t ing  techniques nor  s p e c i a l  co r rec t ions  w e r e  r equ i r ed  t o  ob ta in  accuracy 
and r e p r o d u c i b i l i t y .  
The a v a i l a b l e  d ischarge  tubes were 20 i n .  long and t h e i r  
The p l o t  l i f e  and v i s c o s i t y  of t h e  less v iscous  c a s t a b l e  and sprayable  
materials w e r e  determined from t ime-viscosi ty  curves  us ing  a r o t a t i o n a l  
viscometer.  This  viscometer w a s  used t o  measure the  t h i x o t r o p i c  breakdown 
of a sample, and was a b l e  t o  determine t h e  v i s c o s i t y  of  t he  material over  a 
very  wide rangeof shear  stresses. 
The v i s c o s i t y  of each sample w a s  determined a t  i n t e r v a l s  of 10 min. t o  
3 hours (depending on r e a c t i v i t y )  u n t i l  t h e  end of t h e  po t  l i f e  w a s  i nd ica t ed  
by material g e l l i n g .  
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I V  . BOND LINE TENSILE STRENGTH 
The bond l i n e  t e n s i l e  and shea r  s t r e n g t h  of  t h e  4130 steel, F u l l e r  
162-Y-22 primer,  i n s u l a t i o n  specimen, SD850-2 l i n e r  ( i f  requi red)  and 
ANB-3254 p r o p e l l a n t  composite w e r e  determined us ing  t h e  double-plate sand- 
wich specimen descr ibed  i n  Aero je t  Method 3421. 
by bonding t h e  i n s u l a t i o n  t o  be t e s t e d  t o  steel p l a t e s  approximately 2.375 i n .  
square.  The i n s u l a t i o n  w a s  l i n e d  wi th  SD-850-2 l i n e r  ( i f  necessary)  and 
p rope l l an t  w a s  cast between two p l a t e s  h e l d  p a r a l l e l  i n  a mold. The cross-  
s e c t i o n  of t he  composite w a s  approximately 1,75 in.-sq. Then t h e  specimens 
were s t r e s s e d  t o  f a i l u r e  i n  e i t h e r  a t e n s i l e  o r  a shea r  mode ( d u p l i c a t e  
specimens i n  each mode) and t h e  f a i l u r e  stress w a s  recorded. The type  and 
l o c a t i o n  of t h e  f a i l u r e  a l s o  w a s  noted. I n s u l a t i o n  used i n  t h e s e  tests w e r e  
"as received". 
The specimens w e r e  prepared 
v. WATER ABSORPTION 
The mois ture  absorp t ion  and r ega in  c h a r a c t e r i s t i c s  of t h e  i n s u l a t i o n  
materials were determined by drying samples f o r  (24 of each material) of the  
i n s u l a t i o n  (approximately 0.080 i n .  t h i c k )  i n  a 180°F c i r c u l a t i n g  a i r  oven. 
Af t e r  cons tan t  weight w a s  reached, e i g h t  of t h e  samples w e r e  removed from the  
oven and used t o  prepare  specimens f o r  eva lua t ion  of bond l i n e  t e n s i l e  and 
shear  s t r e n g t h  as descr ibed  previous ly  i n  test  method I V .  
E ight  of t he  samples then were exposed t o  a c o n t r o l l e d  re la t ive humidity 
of 50% a t  77°F u n t i l  cons tan t  weight aga in  w a s  achieved. 
used t o  eva lua te  bond l i n e  t e n s i l e  and shea r  s t r e n g t h  as i n  I V .  The weight 
ga in ,  weight l o s s ,  and bond s t r e n g t h  measurements provided an o v e r a l l  assess- 
ment of  the  moisture  r e t e n t i o n  c h a r a c t e r i s t i c s  and effect  on bonding of the  
i n d i v i d u a l  i n s u l a t i o n  materials. The remaining e i g h t  samples w e r e  exposed t o  
a con t ro l l ed  90% relat ive humidity as descr ibed  above. 
r e d r i e d  and weighed as descr ibed  above t o  determine t h e  amount of t h e  mois ture  
evolved a t  the  h ighe r  humidity level. 
These samples were 
These specimens w e r e  
V I .  THERMAL DIFFUSIVITY AND THERMAL CONDUCTIVITY 
The f l a s h  method w a s  used t o  determine t h e  thermal d i f f u s i v i t y  of 
i n s u l a t i o n  material specimens. I n  t h i s  method, a very s h o r t  pu l se  of r a d i a n t  
energy w a s  d i r e c t e d  a t  t h e  f r o n t  of  a specimen and t h e  r e s u l t a n t  h i s t o r y  of 
t h e  rear s u r f a c e  w a s  recorded.  This  method, which measured d i f f u s i v i t y  from 
ambient temperature  i n  air  up t o  1400°F used a r e s i s t a n c e  furnace  t o  h e a t  
t h e  specimen and a thermocouple as t h e  r ea r - su r face  temperature  d e t e c t o r .  
Thermal conduct iv i ty  w a s  ca l cu la t ed  from t h e  measured dens i ty ,  s p e c i f i c  h e a t ,  
and d i f f u s i v i t y  va lues .  
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V I I .  
A t hemograv ime t r i c  (TGA) balance w a s  used t o  s t u  
and temperature  as a func t ion  of t i m e  of i n s u l a t i o n  samp 
cons i s t ed  of  an  automatic  record ing  ba lance  and a heavy 
l i n e r  hea t ing  rate of 20°C/min. w a s  used up t o  a m a x i m u m  
Tes t ing  w a s  conducted i n  an argon atmosphere. 
V I I I .  HEAT CAPACITY (SPECIFIC HEAT) 
A ca lo r ime te r  w a s  used t o  determine t h e  h e a t  capac i ty  of i n s u l a t i o n  
materials. 
an electric, mult iple- tube furnace  and dropped i n t o  d i s t i l l e d  water i n  t h e  
ca lor imeter .  The temperature of t h e  system a t  equi l ibr ium w a s  observed and 
used t o  c a l c u l a t e  t h e  material enthalpy.  I n i t i a l l y ,  t h e  ca lo r ime te r  w a s  
c a l i b r a t e d  us ing  a known weight of copper o r  z inc .  The mean s p e c i f i c  h e a t  
w a s  ob ta ined  from t h e  s l o p e  of  t h e  enthalpy (AH) temperature  curve. Instan-  
taneous s p e c i f i c  h e a t s  were approximated c l o s e l y  by p l o t t i n g  the  s l o p e s  of 
AH vs temperature a t  s m a l l  i n t e r v a l s  a long t h e  curve.  
The material samples were hea ted  t o  t h e  d e s i r e d  temperature  wi th  
I X  HEAT OF COMBUSTION 
The material h e a t  of combustion w a s  determined by t h e  s tandard  bomb 
ca lor imeter  technique. 
a "bomb" type of ca lo r ime te r  and t h e  h e a t  balance a t  equi l ibr ium w a s  used t o  
c a l c u l a t e  t h e  h e a t  of combustion f o r  t h e  material. 
A known weight of sample w a s  r eac t ed  wi th  oxygen i n  
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INDIV IDUAL INSULATION MATERIAL 
SPECIMEN PRE- AND POSTTEST PROFILES 
FOR MOTORS S I N  1-1, 1-2, AND I-3A 
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FIGURE LIST 
Motor S/N 1-1, 0" - V-44 Specimen P r o f i l e  
Motor S/N 1-1, 45" - IBS-108 Specimen P r o f i l e  
Motor S/N 1-1, 90" - V-61 Specimen P r o f i l e  
Motor S/N 1-1, 135" - IBS-107 Specimen P r o f i l e  
Motor S/N 1-1, 180" - IBT-100 Specimen P r o f i l e  
Motor S/N 1-1, 225" - I B C - 1 0 1  Specimen P r o f i l e  
Motor S/N 1-1, 270" - IBT-106 Specimen P r o f i l e  
Motor S/N 1-1, 315" - IBS-109 Specimen P r o f i l e  
Motor S/N 1-2, 0" - V-44 Specimen P r o f i l e  
Motor S/N 1-2, 45" - 40SD-80 Specimen P r o f i l e  
Motor S/N 1-2, 90" - V-61 Specimen P r o f i l e  
Motor S/N 1-2, 135" - Avcoat I1 Specimen P r o f i l e  
Motor S/N 1-2, 180" - RTV-511 Specimen P r o f i l e  
Motor S / N  1-2, 225" - PR1933-2 Specimen P r o f i l e  
Motor S/N 1-2, 270" - TBS-758 Specimen P r o f i l e  
Motor S/N 1-2, 315" - I B C - 1 1 1  Specimen P r o f i l e  
Motor S/N I-3A, 0" - V-44 Specimen P r o f i l e  
Motor S/N I-3A, 45" - V-61/TI-H704B Specimen P r o f i l e  
Motor S/N I-3A, 90" - USR-3800 Specimen P r o f i l e  
Motor S/N I-3A,  135" - ORCO-9250 Specimen P r o f i l e  
Motor S/N I-3A, 180" - IBT-100 Specimen P r o f i l e  
Motor S/N I-3A,  225" - Gen Gard 4011 Specimen P r o f i l e  
Motor S/N I-3A, 270" - Avcoat 8021 Specimen P r o f i l e  
Motor S/N I-3A, 315" - USR-3804 Specimen P r o f i l e  
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K i r k h i l l  Rubber Co. 
Aerospace Div. 
Brea, C a l i f .  
At tn:  R .  M .  Rhoads 
West American Rubber Co. 
2703 New Je r sey  Ave. 
San Jose ,  C a l i f .  95124 
Attn:  M r .  D .  E .  Ulery 
Ferro Corp., Cordo Div. 
3512-20 H e l m s  Ave. 
Culver C i ty ,  Cal i f  90230 
Attn: M r .  M .  S c o t t ,  Technical  Sa le s  
F i b e r i t e  West Coast Corp. 
690 No. Lemon S t .  
P.O. Box 738 
Orange, C a l i f .  
Attn:  M r .  H .  Chris tensen 
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Dow Corning Corp. 
1299 Bayshore Blvd. 
Burlingame, C a l i f .  
Attn:  M r .  L. C.  Diebler  
General  Electric Co. 
401 Lesser S t .  
Oakland, C a l i f .  94601 
Attn: M r .  F. E. Stanko 
A t l a n t i c  Research Corp. 
Henry G .  Sh i r l ey  Memorial Highway a t  
Edsa l l  Rd. 
Alexandria,  V i rg in i a  22314 
Attn: M r .  E. L.  O l c o t t ,  
D i rec to r  Materials Dept. 
Garlock, Inc.  
220 E. Grand Ave. 
San Francisco,  C a l i f .  94080 
Attn:  M r .  J .  W. Wright, Manager 
Products  Research and Chemical Corp. 
2919 Empire Ave. 
Burbank, Ca l i f  9 1504 
Attn: M r .  D .  C o r k i l l ,  Manager, 
Engineering Serv ice  Dept. 
Ohio Rubber Co. 
Ben Hur Ave. 
Willoughby, Ohio 44094 
Attn: M r .  G.  S .  Hackel, 
Product Sa le s  Manager 
Minnesota Mining and Manufacturing Co. 
1210 Univers i ty  Ave. 
S t .  Paul ,  Minnesota 55104 
Attn: M r .  J .  W. Davis, P l a s t i c s  Div. 
The DeVilbiss Co. 
1335 No. Tenth S t .  
San Jose ,  Cal i f  95112 
Attn:  M r .  W. T. Jacobs 
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